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ABSTRACT

Background

Coronary artery bypass graft surgery, a surgical procedure performed to alleviate the
symptoms of ischaemic heart disease and improve prognosis on cardiopulmonary bypass,
is beneficial in patients with ischaemic heart disease, however it is not without deleterious
adverse clinical events and mortality due to its associated inflammatory and stress
response. Dexmedetomidine, an a—2 adrenergic agonist, is a promising drug with a
potential towards myocardial protection due to its favourable pharmacological profile.
This study investigated the impact of dexmedetomidine compared to placebo on high
sensitivity troponin in patients undergoing coronary artery bypass graft surgery on
cardiopulmonary artery bypass in a randomised controlled trial. Secondary endpoints
included mortality and the length of hospitalization. Subsequently, a systematic review
and meta-analysis of randomised controlled trials on the effects of dexmedetomidine on

conventional troponin (¢Tn) compared to control was conducted.

Methods

A randomised, controlled, double-blind trial was undertaken to investigate the effects of
dexmedetomidine on myocardial ischaemia and short-term outcomes. A total of 90
patients admitted to the Charlotte Maxeke Johannesburg Academic hospital in
Johannesburg for coronary artery bypass graft surgery were enrolled to receive either
dexmedetomidine 0.3—0.7 pug/kg/hr or placebo. Sample size estimation was calculated on
studies reporting the effects on cTn, due to paucity of data on hs-cTnT, and 45 received
dexmedetomidine, 45 received placebo. The primary endpoint was the effect of
dexmedetomidine on 24-hour postoperative levels of high-sensitivity cardiac troponin T
(hs-cTnT). Blood was collected at baseline and 24-hours postoperatively for hs-cTnT
testing, length of stay and 30-day mortality data was recorded. For the systematic review,
a database search of PubMed Central, Cochrane Library, Web of Science and Scopus was
conducted for the period between January 2008 and April 2018. A total of 82 studies was

screened, and 14 studies with 1434 patients were included in the final analysis.

Results
Clinical and laboratory data were available for all 90 patients enrolled on the clinical trial.
The change (delta) in hs-cTnT levels from baseline to 24 hours postoperatively was not

statistically different between the dexmedetomidine [353.5(231.5-621.5) ng/L] and



placebo [301(217-648) ng/L] groups, p = 0.59. Mortality rates were 5(11%) in the
intervention group and 4(9%) in the placebo group. The probability of mortality at 30-
days and in 1-year was not different (RRR 3; 95% CI 0.3, 27.76; p = 0.1263) and (RRR
1.25; 95% CI 0.36, 4.35; p = 0.38) between groups. Length of stay in intensive care was
not statistically different [3(2—4) vs. 3(2—4) days, p = 0.33]. Patients who received
dexmedetomidine had a significantly longer stay in hospital compared with the placebo
group, 11.2(8.4) vs. 8.3(3.7) days, p = 0.044. A statistically significant correlation with
length of hospitalisation was found, (r = 0.2164, p = 0.0417), and in a simultaneous
quantile regression analysis the association with hospital stay in the first 7 days was
statistically significant (coefficient 0.8, SE 0.31, t 2.58, 95% CI1 0.18-1.40, p =0.012). A
post hoc power analysis showed that the study was underpowered for evaluating the
effects on hs-cTnT. The systematic review revealed that dexmedetomidine use in general
cardiac surgery statistically significantly reduced estimates of cTn, TNFa and IL-6 levels
at 24-hours/day-1 post-surgery compared to control (MD -0.35; 95% CI -0.44, -0.25;
p<0.00001, 1= 94%), (SMD -2.37; 95% CI -3.60, -1.15; p<0.001, I>=76%) and (SMD -
1.26; 95% CI -1.97, -0.55; p=0.0005, 1>=42%) dexmedetomidine and controls,
respectively. There was, however, significant heterogeneity in ¢Tn and TNFo estimates.
A significant difference in the coronary artery bypass graft sub-group analysis in ¢cTn and
creatinine kinase muscle and brain (CKMB) changes at 24-hours/day-1 in the

dexmedetomidine group was not found.

Conclusion

Results from the randomised controlled clinical trial proved inconclusive. Although
dexmedetomidine did not attenuate the rise in hs-cTnT levels 24-hours postoperatively
when compared with placebo, the post hoc power analysis showed that the study was
underpowered to make generalised conclusions. Thus, data from clinical trials from cTn
cannot be extrapolated to hs-cTnT. A meta-analysis of the existing literature in ¢Tn
provides a promising signal and highlights further avenues to explore in larger clinical

trials in this area.
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CHAPTER 1 : INTRODUCTION

1.1  Background and rationale of the study

Coronary artery disease (CAD) is a debilitating disease associated with increased morbidity,
multi-organ dysfunction and death (1). Coronary artery bypass graft (CABG) surgery, a
procedure undertaken to alleviate the occlusion in the coronary arteries, especially in those
patients where medical therapy and other interventional procedures have been exhausted, is
also associated with major complications (2). A multidisciplinary approach towards reducing
morbidity and mortality in these patients continues (3). Surgical options such as off-pump
coronary artery bypass (OPCAB) surgery and mini-cardiopulmonary bypass (mini-CPB)
surgery are being utilised (4).

Anaesthetic means of reducing the effects of the inflammatory response are continuing to be
investigated (5-7). Newer drugs are being tested to assist in the alleviation of the stress
response to CPB (8). Dexmedetomidine, an alpha agonist, has the hallmarks of a suitable
agent to match some of the characteristics anaesthesiologists are looking for to achieve

myocardial protection during CABG surgery (9-14).

There have been numerous studies in noncardiac surgery suggesting the positive effects of
this drug towards myocardial protection, whereas not enough evidence exists in CABG
surgery (10). The results of noncardiac surgery trials cannot necessarily be extrapolated to
patients presenting for CABG surgery. The latter not only experience ischaemia-reperfusion,
they also experience increased levels of inflammatory response due to the interaction of blood
with the CPB circuit (15). Therefore, this randomised controlled trial was undertaken to
investigate the effects of dexmedetomidine on ischaemic and inflammatory biomarkers in
patients undergoing CABG surgery. Furthermore, the study sought to determine if these
effects would translate into clinical benefits by reducing ICU length of stay (LOS), duration
of hospitalisation, and 30-day mortality in patients undergoing CABG surgery.



1.2 The epidemiology of coronary artery disease

Cardiovascular disease (CVD) has been found to be a leading cause of death in the Global
Burden of Disease (GBD) study (16) of the World Health Organization (WHO) (17). It was
found to lead to 12.2% of all deaths annually, globally with variability between income
groups (16). CVD contributed 9.4%, 13.9% and 16.3% of mortality in low-, middle- and
high-income countries, respectively. CVD came second to respiratory and cerebrovascular

disease in the low- and middle-income countries, respectively (16).
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(Fair Dealing) of the SA Copyright Act No. 98 of 1978 (as amended).

Figure 1.1: Life expectancy in optimistic and pessimistic scenarios

According to projections by the WHO, ischaemic heart disease will be the leading cause of
death by 2030 (16). It is estimated that in 2020, CAD will be responsible for approximately
11 million deaths globally (19). CVD was also projected to become the cause of most deaths
in all income countries in 2002 to 2030, and 2005 to 2060 projections (Figures 1.1 and 1.2)
(18, 20, 21).



Earlier studies in South Africa had shown the prevalence of CAD in Africans to be very low
(22, 23). CAD was believed to be of low prevalence in the sub-Saharan regions of the
continent until the late 1990s (24). While the incidence and disease pattern among Europeans
and Asians in Africa mirrored those of international communities, the disease was found to be
rare in Africans in South Africa in the 1970s (22). A slow increase in the prevalence of CAD
in this ethnic group has been observed, possibly as a result of migration, urbanisation and

disease progression (25-27) .
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Figure 1.2: Global deaths by disease groups

Risk factors for CAD such as obesity, high cholesterol, diabetes, smoking and hypertension
have been on the rise (28, 29) among Africans in South Africa. There are no studies that look

at patients undergoing CABG in urban state hospitals in South Africa or sub-Saharan Africa.



This current study details the characteristics of the different ethnic groups and their risk factor
profile compared with earlier reported studies. The pharmacoethnicity of dexmedetomidine,

in relation to biochemical and clinical outcomes, was also investigated.

1.3 Inflammation and the stress response to surgery

Occlusive CAD leads to an imbalance in oxygen supply—demand to the myocardium (30, 31).
Patients presenting for CABG surgery have a higher burden of ischaemia at presentation. This
puts them at higher risk of morbidity and mortality than other patients (32). Most patients in
this current study presented with risk factors such as diabetes mellitus, obesity, hypertension,

and smoking that resulted in a chronic state of inflammation (24, 29).

CABG surgery with CPB elicits a much higher degree of neuro-humoral and inflammatory
response than OPCAB or mini-CPB (33, 34). The neuro-humoral response incorporates
activation of the sympathetic nervous system, the pro-inflammatory and the anti-
inflammatory systems (35), resulting in the simultaneous release of catabolic and
immunosuppressive hormones (35-39). Equally eliciting the stress response during CABG
surgery, are the following factors: exposure of blood cells to the negatively charged surface of
the CPB; the non-physiological circulation; non-pulsatile nature of the CPB; blood

transfusion; hypothermia; and ischaemia-reperfusion (36-38).

The surgical stress response is mediated through the sympathetic autonomic system (31, 38).
Activation leads to stimulation of the adrenal medulla and release of noradrenaline from
presynaptic nerve endings (38). Catecholamine release leads to sheer stress in the already

compromised coronary vasculature (31). Plaque fissuring and rupture often ensue (31).

A hypercoagulable state increases the risk of coronary thrombus formation (35, 36). This is a
result of upregulation of coagulation and platelet function, and the down-regulation of
fibrinolysis (36). Endothelial injury during CPB occurs due to damage to blood constituents,
subsequent expression of tissue factor and platelet activation (40). Venous graft occlusion is

the highest risk during this period (40).



1.4  Myocardial ischemia-reperfusion injury

Anaerobic glycolysis follows a period of myocardial ischaemia, leading to accumulation of
lactate, dihydronicotinamide adenine dinucleotide and hydrogen ions (31, 35, 40). The
cellular membrane Na'/H" pump fails, leading to an increase in intracellular Na*, which
drives the Na*/Ca®>" pump. Intracellular Ca" is increased, the integrity of the membrane lipids

fails, and cellular oedema develops (35, 41).

The heart is stopped during CABG surgery on CPB, resulting in accumulation of ischaemic
by-products. During aortic unclamping, reperfusion encourages generation of cytotoxic
oxygen metabolites and oxygen-free radicals (35, 41-43). The failing heart is unable to
respond adequately to these oxygen-free radicals, due to inadequate antioxidant enzymes (35,

41, 42, 44).

Myocardial enzyme leak and its interpretation during CABG is often complicated by the
following: the ischaemia-reperfusion; the systemic inflammatory response syndrome (SIRS)
response; organ failure; auto-transfusion of shed mediastinal blood; blood transfusion; aortic

cross-clamp times and also direct injury to the heart muscle, as occurs with atriotomy (45-49).

The reasons for mortality and morbidity during CABG surgery are multifactorial. These
include: haemodynamic instability, graft anatomical and functional failure, myocardial
ischaemia during aortic cross-clamping, reperfusion injury, cardioplegia-induced myocardial
dysfunction, and activation of the inflammatory and coagulation cascades (35, 40, 42, 44).
The highest risk of mortality and morbidity is in the early postoperative period (50, 51).
Studies estimate early postoperative myocardial infarction rates of 1%—25%, whilst rates of

mortality ranged from 0.5%—14% (52, 53).

Major adverse cardiac and cerebral events (MACCE), together with renal and respiratory
dysfunction, are often associated with long waiting periods before surgery (54, 55). An
overall death rate of 13.4 deaths or myocardial infarction per 100 patient years, have been

found on the awaiting surgery list (56). Patients on the waiting list are at particular risk if they

5



present with left main disease/severe triple vessel disease, with angina at rest or ST segment

changes.

1.5  Mpyocardial protection

Myocardial enzymes are utilised as markers of myocardial injury during cardiac surgery (49).
A proper interpretation of the pattern of enzyme leakage is imperative to allow timeous
intervention strategies to be implemented. Echocardiographic evidence used together with
clinical findings of low cardiac output can lead to earlier diagnosis leading to goal-directed
intervention, and better outcomes (57, 58). Cardiac troponins are used to identify and quantify

levels of myocardial injury (45).

There are recommended cut-off points arising from previous studies for myocardial infarction

(MI) in the setting of CABG. Currently, CABG-related MI (type 5 MI) is defined as:

“1) an increase in the ischaemic biomarker level more than 10 times the upper reference limit
and either new pathological Q waves or new bundle branch block (BBB),
2) new graft or native coronary artery occlusion confirmed angiographically, or

3) imaging evidence of new loss of viable myocardium” (57, 58).

MACCE characterise the complications of myocardial ischaemia and consequent poor tissue
perfusion. Multiorgan dysfunction leads to prolonged LOS in ICU and hospital (50). There is
an established association between CAD and increased morbidity and mortality (59). The
complications can occur from the prediagnosis to the postrevascularisation period (59).
Morbidity and mortality are emotionally devastating for the patient, the family and the
medical team (35). There are dire financial consequences (51). A multidisciplinary approach

is necessary to combat this multifaceted problem in order to improve outcomes.

There is a need for modifications and continued improvement of surgical, anaesthetic,
perfusion, and postoperative care strategies (35). There have been numerous interventions
targeted at attenuation of the neuro-humoral response (3, 60, 61). Intervention strategies

aimed at attenuation of the stress response in CABG surgery patients include: modifications



to the cardiopulmonary bypass machine; modification of cardioplegia solutions; anaesthetic
drugs; alternative surgical approaches; and attenuation of the neuro-endocrine response (37,
62, 63). The results from studies investigating these interventions have often been equivocal
(3, 64). Sympatho-modulatory therapies, including B-adrenergic blockers, regional
anaesthesia, and a2-adrenergic agonists, are some of the modalities in the anaesthesiologist’s

armamentarium (65-68).

1.6  Anaesthetic agents and cardiac protection
As with colleagues in the cardiothoracic, perfusion and intensive care disciplines; research
continues in anaesthesiology in the pursuit of the ultimate cardioprotective agent (69-74).

Volatile and intravenous anaesthetic agents have been examined (3, 75).

Alpha-2 agonists exert their cardioprotective effects by attenuating the release of
catecholamines and inhibiting stress-induced tachycardia (49, 76). Their pharmacological
actions are mediated via a-2A adrenergic and the imidazole-1 receptors and include lowering
of the central sympathetic tone (9, 77). Secondary to their sympathetic effects, they are
sedative, anxiolytic and induce analgesia (77, 78). Prejunctional a-adrenergic receptors have
a-2B antiadrenergic effects (79). Postjunctional a-2A adrenergic receptors in neurons
localised in the locus coeruleus and nucleus reticularis lateralis act via inhibition of L-type

Ca®* channels, to confer anaesthetic and short-term hypertensive effects (79).

Pharmacological agents in this group available to anaesthesiology are clonidine, mivazerol
and the newer dexmedetomidine (10, 79, 80). Dexmedetomidine is an 0-2 agonist with
analgesic and sedative effects. Due to its actions on the stress response, it presents itself as a
possible intervention strategy in myocardial protection (81-83). This current study aimed to
investigate the effects of intraoperative dexmedetomidine on myocardial protection in CABG

surgery.



1.7  Pharmacoethnicity

The literature suggests evidence of ethnic influence on disease prevalence (84-88). Studies
have shown ethnic and gender differences in disease prevalence and risk factors profile of
patients (89-92). Genetic variability, linked to ethnicity, is known to have a relationship with
pharmacogenetics and pharmacogenomics (93-95). Drug metabolism, transport proteins and
drug target sites are some of the areas where these differences manifest (93). Although the
field of study is still new and sample sizes in the reported studies were small, there is
evidence of the influence of ethnicity on the pharmacological effects of dexmedetomidine
(96, 97). A subanalysis of data in this current study was undertaken to investigate the effect of
ethnicity on disease prevalence and dexmedetomidine pharmacodynamics. We sought to

investigate the effects of pharmacoethnicity on biomarkers hs-cTnT, CRP and interleukins.

1.8  Aims of the study
The primary aim of this study was to investigate the cardioprotective effects of
dexmedetomidine on myocardial injury as reflected by: 24-hour myocardial ischaemic

biomarker — serum high-sensitivity cardiac troponin T (hs-cTnT).

1.9 Objectives of the study
The objectives of this study were to investigate:
e The effects of dexmedetomidine on: cardiac ischemic markers 24 hours post
anaesthetic induction in patients undergoing CABG surgery; inflammatory markers;

LOS in ICU; length of hospitalisation; and mortality.

e To determine the role of pharmacoethnicity on the effects of dexmedetomidine on
ischaemic biomarker outcomes post CABG surgery together with the ethnic

differences in the prevalence of CAD and its risk factors.

1.10  Project outline

1.10.1 Hypothesis
In patients undergoing CABG surgery on CPB, dexmedetomidine protects the myocardium

from ischaemic injury as evidenced by lower levels of ischaemic and inflammatory



biomarkers such as hs-cTnT, IL-6 and IL-10. This translates into shorter LOS in ICU, shorter

length of hospitalisation and lower mortality.

1.10.2 Demarcation of the study
The study was conducted at the Charlotte Maxeke Johannesburg Academic Hospital’s
(CMJAH) cardiothoracic unit. This is the only state hospital in Johannesburg providing

cardiothoracic services.

1.10.3 Study population
Consecutive consenting patients with triple vessel or left main stem CAD undergoing on-
pump CABG surgery at the CMJAH were recruited for this current study. The study was

conducted in accordance with the Declaration of Helsinki (98).

1.10.4 Ethical considerations

Ethical approval to conduct the study was obtained from the University of Witwatersrand
Human Research Ethics Committee (HREC). Permission to use dexmedetomidine for this
purpose was obtained from the Medicines Control Council (MCC) of South Africa. Written

informed consent was obtained from each patient prior to enrolment in the study.

All study patients were covered with a trial insurance procured from the university. Both
patients and the clinicians involved in the care of the patients were blind to the drug
(dexmedetomidine or saline) that was administered. A randomised controlled trial (RCT) was
undertaken. Randomisation was performed by the pharmacist who prepared the drug to be

administered to the patient.

A list from 1 to 90 was prepared before the study commenced. Forty five dexmedetomidine
and 45 placebo entries were randomly assigned. As patients were enrolled, the pharmacist
allocated them into consecutive numbers and prescribed and prepared the blinded randomly
assigned drug. The drug was treated by the clinicians as though it was dexmedetomidine and
administered in the recommended dosage of 0.3—0.7 pug/kg/h, depending on the patient’s

haemodynamic status, and supplemented with opioid analgesics.



1.10.5 Research methodology

1.10.5.1 Study design
The study was a prospective double-blind, randomised, placebo-controlled investigation. A

standardised anaesthetic technique was performed for all patients in both arms of the study.

1.10.5.2 Inclusion criteria

a. Left main or triple vessels coronary artery disease

b.Age above 18 and below 65 years

1.10.5.3 Exclusion criteria

a. Age below 18 or above 65 years.
b.Pregnancy or lactation.

c. Liver dysfunction aspartate transaminase (AST) or alanine transaminase (ALT) > twice
the upper range of normal). (Normal values NHLS: AST 5 —40 and ALT 5 — 56
units/L).

d.Sick sinus syndrome.

e. Concurrent use of medication with potential for major drug interactions such as

propoxyphene, sodium oxybate and tinazide.
f. Patients requiring preoperative inotropic support.
g. Asthma.
h. Uncontrolled pulmonary congestion.

i. Evidence of ongoing infection.

1.10.5.4 Primary outcome

1. Postoperative serum hs-cTnT measured 24 hours postinduction.

1.10.5.5 Secondary outcomes

1. The effects of dexmedetomidine on serum hs-¢cTnT, IL-6 and IL-10, measured at
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induction and 24 hours postinduction.
2.The effects of dexmedetomidine on length of ICU stay in days.
3.The effects of dexmedetomidine on length of hospitalisation in days.
4.The effects of dexmedetomidine on 30-day postoperative mortality.

5.The role of pharmacoethnicity on the effects of dexmedetomidine on biomarkers
(hs-cTnT; IL-6; IL-10); length of ICU stay; length of hospitalisation; and 30-day

mortality.

1.10.6 Blood sample analysis

Blood samples stored were stored at —80°C and analysed in batches.

1.10.7 Statistical analysis, sample size and power estimates

1.10.7.1 Sample size and power estimates

From previous studies (99, 100), the study estimated the mean cardiac troponin T (¢TnT)
levels of 1.3 and 0.4 ng/mL with a standard deviation of 1.5 ng/mL in each arm (placebo vs.
dexmedetomidine, respectively). The study assumed that a two-tailed t-test, at a = 0.05 for
independent samples would be used to compare mean troponin levels in the 2 groups
(dexmedetomidine vs. placebo). Assuming these estimates, a minimum sample size of 40 per
arm in order to achieve a power of 80.4%, was estimated. To allow for dropouts, five patients

were added to each arm of the study.

1.10.7.2 Statistical analysis

Data was analysed using Stata [Stata Corp LP Statistics/Data Analysis Copyright 1985 — 2013
Stata Corp 4905 Lakeway Drive Special Edition College Station, Texas 77845 USA 800—
STATA]. Categorical and continuous variables were compared using Chi-squared and
Student’s t-tests, respectively. Analysis of normally distributed data was performed using the
mean and standard deviation, whereas the median and interquartile range were used for

skewed data.
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Comparative statistics were used to analyse the two study subsets using paired and unpaired
Student’s t-tests for parametric data, or Mann-Whitney and Wilcoxon matched pairs for
nonparametric data. Anova and Kruskal Wallis tests were used to compare three and more,
normally distributed and skewed data sets, respectively. Correlations were determined by
Pearson and Spearman tests for parametric and nonparametric data respectively. Categories

were plotted on a contingency table and analysed as proportions using the Fisher’s exact test.

Univariate and multivariate regression analysis of outcome measures with independent
variables were analysed. Categorical outcome measures were analysed using logistic
regression. Diagnostics for the regression models and transformation of data were performed

where indicated. P values < 5% were considered significant.

1.11 Significance of the study

Very few studies have looked at the effects of dexmedetomidine in CABG surgery. Of those
that did, modalities such as OPCAB and mini CPB were used instead of full CPB (101, 102).
Additional forms of anaesthetic myocardial protection were used (101, 102). We did not find
a study assessing the role of ethnicity on the effects of dexmedetomidine on ischaemic

markers; inflammatory markers; duration of ICU stay; length of hospitalisation; or mortality.

1.12  Potential limitations

The limitations in this study were the lack of financial resources to do all the assays we had
proposed to do such as plasma levels of drugs and their pharmacokinetics and
pharmacodynamics, and postoperative biomarkers pro b-type natriuretic peptide (proBNP)

and c-reactive protein (CRP).

1.13  Thesis outline

This thesis is presented as follows:

Chapter 1: an introduction into epidemiological, pathophysiological and myocardial
protection aspects of CAD; a brief summary of the project outline.

Chapter 2: a review of the literature on myocardial ischaemia, myocardial protection,
12



myocardial protection pharmacotherapy and the effects of dexmedetomidine on outcomes in
CABG surgery; a review of the literature on the effects of ethnicity on CAD in South African
and sub-Saharan African countries; the role of pharmacoethnicity on the effects of
dexmedetomidine on outcomes.

Chapter 3: study methods.

Chapter 4: results, discussion and conclusions on the effects of dexmedetomidine in CABG
surgery.

Chapter 5: results, discussion and conclusions on the correlation between dexmedetomidine,
postoperative biomarkers and clinical outcomes.

Chapter 6: results, discussion and conclusions of a multivariate analysis, for determination of
an association between dexmedetomidine and other variables, with outcomes post-CABG
surgery.

Chapter 7: results, discussion and conclusions on ethnicity and CAD.

Chapter 8: results, discussion and conclusions on dexmedetomidine and pharmacoethnicity.
Chapter 9: systematic review and meta-analysis of the impact of dexmedetomidine on
outcomes in cardiac surgery with a subanalysis of CABG surgery patients.

Chapter 10: summary of the results and recommendations.
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CHAPTER 2 DEXMEDETOMIDINE, BIOMARKERS AND CLINICAL
OUTCOMES

2.1 Literature review

2.1.1 Background

This section covers a review of the literature undertaken to understand the following
processes during CABG surgery: myocardial ischaemic markers and their interpretation;
inflammatory markers; myocardial protection; anaesthetic agents and myocardial protection;

a-2 agonists and myocardial protection; dexmedetomidine pharmacology.

A literature review was undertaken to highlight the following: anaesthetic agents and
myocardial protection; insight into the choice of drugs made in designing this current study. A
literature review detailing the effects of dexmedetomidine on myocardial protection in
preclinical and noncardiac studies that contributed to the conceptual framework of this current

study was undertaken.

The literature on the effects of dexmedetomidine on ischaemic markers, inflammatory
markers, morbidity and mortality after CABG surgery, is reviewed in depth. An analysis of
the literature is also undertaken detailing the differences between this current study and
previous studies on the use of dexmedetomidine in CABG surgery. The literature review of

studies on the association of dexmedetomidine and outcome variables was undertaken.

2.1.2 Inflammatory markers in cardiac patients

The extracorporeal surface of CPB induces contact activation. It initiates the coagulation
system leading to clot formation and activation of the complement system (103). Contact
activation leads to anaphylaxis and chemotaxis (103). Complement activation induces the
synthesis of pro-inflammatory and anti-inflammatory cytokines. The balance between the
activity of the pro-inflammatory cytokines such as interleukin-6 (IL-6), interleukin-8 (IL-8),

tumour necrosis factor alpha (TNF-a) and interleukin-1 (IL-1), and anti-inflammatory
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cytokine interleukin-10 (IL-10), determine the level of inflammatory response (Figure 2.1) (6,
104-106).
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Adapted from Bulow et al. (8). This figure is copied in terms of Section 12 (Fair Dealing)
of the SA Copyright Act No. 98 of 1978 (as amended).

Figure 2.1: CPB inflammatory response

Patients undergoing CPB are prone to developing endotoxaemia. Endotoxin stimulates the
formation of IL-6 and, by binding to human serum protein, enhances TNF-a production (6,
104, 105). Anaesthetic agents, through their influence on and modification of intercellular

communications, alter the response to surgical stress (36, 103, 107).

Pro-inflammatory cytokines and endotoxins lead to the production of inducible nitric oxide
(NOi) (8, 108, 109). The NOi increases vascular permeability and vasodilation, which may
result in poor cardiac output and capillary leak in the postoperative period. The release of
constitutive nitric oxide (NOc), which has a protective role, is impaired after CPB (8, 108,

109). Inhibition of this protective nitric oxide (NO) may lead to vasoconstriction.
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Vasoconstriction, together with microaggregates formed by activated leukocytes and platelets,
may lead to microvascular occlusion. Packed red cells and blood components are essential for
their oxygen-carrying capacity, volume support, and haemostasis (8, 108, 109). They are,
however, associated with immuno-modulation that may contribute to ensuing multiorgan

failure (8, 108, 109).

This current study sought to investigate the effects of dexmedetomidine on pro-inflammatory

and anti-inflammatory mediators (IL-6 and IL-10).

2.1.3 Myocardial ischaemic markers

In 90% of cardiac surgery patients, cardiac enzymes are elevated within 24 hours (35, 110).
Atriotomy and ischaemia-reperfusion are major contributors. Cardiac troponins T and I (¢TnT
and cTnl), belong to the thin filament regulatory system of the myocardial contractile
complex (35, 111). These proteins are expressed in the human myocardium, and not in
extracardiac tissues such as skeletal muscles. This allows for more accurate interpretation of
laboratory values. Compared with creatinine kinase muscle and brain (CKMB), cardiac
troponin (cTn) enzymes are more specific and sensitive to myocardial injury, and are not

confounded by injury in remote tissues (111).

Abramov et al. (45) showed that troponins have a short half-life in the myocardium during
ischaemia, due to progressive intracellular degradation. They found that: “for preservation
and enhanced sensitivity, the enzymes are released as complexes, viz. troponin I-troponin C,
troponin I-troponin T, troponin I-troponin T and C covalent complexes. Troponin covalent
complexes of troponin T and C appear with mild ischaemia, and disappear with more severe
injury. The elimination of these enzymes takes place in the liver, pancreas, kidney and
reticuloendothelial system. Multiorgan failure may lead to prolonged increases and impaired

clearance.” (35, 45)

A strong correlation between troponin levels, myocardial injury, morbidity and mortality in

acute coronary syndrome, has been established (45, 111, 112). Postoperatively, cTn values
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were found to be a strong predictor of in-hospital death and major postoperative
complications in a group that included high-risk patients (46). Lasocki et al. (46) found that
postoperative cTnl of 13 ng/ml was a cut-off point and an independent predictor of in-hospital

death.

Similarly, Jacquet ef al. (119) found that cTnl levels of 13.4 ng/ml after CABG surgery
differentiated between patients with perioperative Ml/ischaemia and those with uneventful
outcome. Fellahi et al. (113) found the best cTnl cut-off value to be between 12.1 and 13.4
ng/ml. This closely resembled values described by other investigators (46) 119). They found
that with an increase of greater than 40 ng/ml, in-hospital mortality reached 44% (113).

High cTnl values were associated with a 37-fold increase in risk of death within 2 years. In a
cohort of low preoperative risk patients, a 2-year mortality rate of 4% from MI, congestive
cardiac failure (CCF), and sudden death was associated with raised troponin levels (114).
Mortality rate was found to be 18% in patients with high cTnl (120). The enzyme washout
curve, due to early benign injury, depended on organ function. No significant troponin
contribution from defibrillation was found when the type of surgery was considered (112).
CABG had the lowest level of troponin leak/release of all surgeries that needed direct

myocardial incisions (115, 116).

Domanski et al. (112, 115) in their analysis of 7 studies, looked at the association between
cardiac enzyme levels in the first 24 hours postsurgery and immediate, short-term and long-
term risk of mortality. For all CKMB and troponin ratios (24 hours/preoperative) greater than
1, there was a strong graded independent association with mortality. Abramov et al. (45)
looked at 9 studies and analysed the elimination curves of troponin. The pattern of increase in
plasma troponin levels in cardiac surgery was evaluated through wash-in and wash-out curves
of troponin postsurgery and post-MI (45). The post-MI levels were evaluated with and

without reperfusion (45).
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The results were suggestive of differing pathophysiological mechanisms (45). The evaluation
of the wash-in and wash-out curves of troponin postsurgery and post-MI showed that the
upslope postcardiac surgery was steeper than post-MI, and even steeper than post-MI with
reperfusion (Figure 2.2) (47). The downslope postcardiac surgery was less steep with cardiac
surgery than post-MI and post-MI with reperfusion. The slow washout was thought to be
because ischaemic insult after surgery was milder and more transient than post-MI. Troponin
appeared as complexes, rather than in free form, rendering it less vulnerable to degradation
(41, 45, 111, 112). Slower elimination after cardiac surgery was also attributed to altered

organ functions (41, 42, 45).

The fast peak observed with surgery was suggested to be due to enhanced cell membrane
permeability from cellular oedema, rather than permanent cellular damage, as seen in MI (45,
114). Perioperative MI leads to Troponin level peak at 18 to 24 hours postevent as compared
with an earlier peak with benign injury (38, 45, 115). Fellahi et al. (114, 117) further
suggested that a single 24-hour troponin measurement provided an accurate prediction of
outcome. This was without having to perform kinetic perioperative enzyme analyses that

provided an integrated area under the curve and peak values.

The predictive value of ¢Tn was further confirmed by Thielmann ez al. (118) who
investigated a patient group that was operated on 24 hours after onset of ischaemic symptoms.
These patients were labelled as emergency CABG (118). Preoperative cTnl measurement in
emergency CABG surgery was found to be an independent predictor of in-hospital mortality
and major adverse cardiac events (MACE), as evidenced by ST elevation MI (STEMI) and
non-ST elevation MI (NSTEMI) (118).

Nagurney et al. (119) found the sensitivity of troponin to be higher six or more hours after the
onset of symptoms in patients that presented to the operating theatre. Crescenzi et al. (120)
found that in CABG surgery, due to atriotomy and stunning, there was much more myocardial
damage than with OPCAB, and therefore much higher cTnl concentrations postoperatively.

No reperfusion injury occurred during OPCAB due to continued coronary perfusion in a
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beating heart. CPB led to the release of at least 2 ng/ml of troponin from atriotomy and

inflammation-reperfusion injury (112).
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Figure 2.2: Troponin wash-in and wash-out curves

Croal et al. (47) found a relationship between the number of grafts and the level of ¢Tnl
release, with troponin release increasing from 0.22 (0.01 — 1.04) ng/ml with one graft, to

2.78 (1.76 — 5.29) ng/ml with more than three grafts. Troponin levels in their study were
found to be predictors of mortality in single, isolated CABG surgery at 30 days, but not at one
or three years. Greenson and colleagues (111) established a strong correlation between red
blood cell units transfused with peak cTnl. They too found a strong correlation with MACE.
Troponin levels were higher and peaked later in those that had significant cardiac events

compared with those with minor cardiac events in their study (111).
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New wall motion abnormalities were seen at peak values of 40—-60 ng/ml troponin
concentration. In their meta-analysis, Lurati Buse et al. (121) described a significant
association between cTn release and mid- and short-term all-cause mortality. Levels
exceeding a certain concentration meant more severe, irreversible myocardial damage leading

to adverse outcomes (121).

High-sensitivity cardiac troponin (hs-cTn) was found to have a higher sensitivity than
conventional cardiac troponin (cTn) in diagnosis of MI (122). In a prospective multicentre
study, Rubini Gimenez et al. (122) compared hs-cTnT to high-sensitivity cardiac troponin I
(hs-cTnl) and found that they are comparable in diagnostic accuracy for NSTEMI (122).
However, they found that hs-cTnT was more accurate when the onset of ischaemia was more
than three hours prior to testing. Haaf ef al. (123) found the initial presentation of hs-cTnT to

be more accurate in prediction of long-term mortality when compared with hs-cTnl (123).

In this current study, hs-cTnT was measured. According to the Third Universal Definition of
Myocardial Infarction expert consensus document, “10 times the upper recommended limit of
cTn, in addition to electrocardiographic, angiographic and echocardiographic evidence of
ischaemia, should be used for diagnosis of perioperative MI” (57). The imaging and

electrocardiographic techniques were not utilised in this current study.

2.1.4 Myocardial protection during cardiac surgery
Myocardial protection during CABG surgery is a challenging phenomenon. The literature on
strategies of attenuation of the consequences of the neuro-humoral and ischaemia-reperfusion

responses, are summarised in this section and include the following:

The neuroendocrine intervention strategies have included: a focus on cell activation
prevention; removal of pro-inflammatory mediators by haemofiltration; use of free radical
scavengers; and complement, endotoxin and cyclooxygenase inhibition (49). The sympatho-
modulatory therapies, including B-blockers, regional anaesthesia and a2-adrenergic agonists,

have been extensively investigated in previous studies (44, 62, 80, 124, 125).
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The stress response during minimal extracorporeal circuits (ECCs), such as mini-CPB, and
OPCAB have been extensively compared with that during CABG with CPB (126). OPCAB
was found to be associated with an attenuation of the stress response when compared with on-
pump CABG surgery (33, 127). In contrast, in a comparison of on-pump CABG, OPCAB and
thoracic surgery cases; Franke ef al. (126) found an increase in pro-inflammatory markers,
reaching a peak in 6 hours postsurgery in all groups. They found no difference between the

OPCAB and on-pump CABG groups.

There is incompatibility between blood, human tissues and the synthetic material used in
ECCs. Improvement of the ECC biocompatibility and management of the CPB circuit have
been shown to reduce the magnitude of the inflammatory response (8, 49). Heparin-coated
ECCs, aimed at improving haemocompatibility, reducing activation of plasma proteins and
the inflammatory response, have also been investigated (49, 128). A study has shown an
increase in thrombogenic resistance and a reduction in adhesion of plasma proteins with the

use of biocompatible surfaces (129).

Other methods of myocardial protection, such as haemofiltration, have been described (128,
130). Ultrafiltration in particular, has been used more commonly in paediatric patients (131).
During haemofiltration, blood is haemoconcentrated and some inflammatory mediators and
excess body water in tissues is removed (128). The use of modified ultrafiltration and
conventional ultrafiltration was compared with controls in one study (128). It was shown to
reduce the increase in total body water to 4% with modified haemofiltration and to 15% with

conventional haemofiltration; compared to 18% in the control group (128).

Visser et al. (130) in an RCT of 21 nondiabetic CABG patients, found that patients receiving
a glucose-insulin-potassium infusion had significantly reduced levels of CABG-related SIRS
markers, when compared with patients on tight glycaemic control. Use of some of the anti-
inflammatory agents, such as aprotinin and corticosteroids, is debatable due to their
undesirable side effects (37). While hyperthermia is known for its deleterious effects on organ

function, the potential organ protective effects of hypothermia are not without some adverse
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effects (132). Moderate hypothermia has therefore been seen as neutral ground between these

extremes of temperature (132).

A brief prolongation of CPB during the reperfusion period was shown to be cardioprotective
when compared with early commencement of inotropic drugs (133). Modifications to
administration of cardioplegia, such as: giving warm blood cardioplegia; adding an energy
substrate; administering cardioplegia during the resting period; combining ante- and
retrograde reperfusate; and adding free radical scavengers, have been shown to improve
myocardial perfusion, protection and recovery (62, 133). In animal studies, the addition of
esmolol in cardioplegia was shown to lead to complete myocardial protection during global

myocardial ischaemia (44).

A confirmation of the benefits of modifying cardioplegia was seen in a CABG trial (60). They
found blood cardioplegia, particularly at tepid temperatures, to be superior to crystalloid
cardioplegia. They found preservation of left ventricular function in the early postoperative
period when tepid cardioplegia was compared with cold and warm cardioplegia. High-
pressure retrograde perfusion was found to lead to tissue oedema (60). Antioxidants, calcium-
channel blockers and magnesium in cardioplegia and in the prime solution were shown to
reduce the incidence of ventricular arrhythmias and enhance myocardial recovery (44, 60, 62,

134-136).

Control of blood pressure variations and prevention of systolic excursions were shown to be
associated with a reduction in morbidity and mortality (49),130). The “Evaluation of
Clevidipine In the Perioperative Treatment of Hypertension Assessing Safety Events”
(ECLIPSE) trial (125); investigated the association between 30-day mortality and the area
under the curve of systolic excursions. They found that systolic excursions, proportionate to
systolic blood pressure outside of the range of 75 to 135 mmHg intraoperatively; and 85 to
145 mmHg pre- and postoperatively, were significantly associated with mortality in high-risk

patients (125).
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Different institutions adopt a set of strategies for proactive myocardial protection that are then
used as the standard (127). In the setting of this current study; moderate hypothermia, and
warm ante- and retrograde blood cardioplegia were used. Only those patients undergoing
isolated multivessel CABG on CPB were enrolled. Routine haemofiltration was not used.

Corticosteroids were also not used routinely.

2.1.5 Anaesthetic agents and cardiac protection

Propofol, with structural similarities to phenol-based free radical scavengers, has been found
to attenuate free radical mediated lipid peroxidation and systemic inflammation in patients
with impaired myocardial function (3, 49). Propofol acts in a similar mechanism to the
endogenous antioxidant vitamin E to scavenge reactive oxygen species (49, 137). Morphine
elicits immunomodulatory actions on lymphocytes, granulocytes and macrophages. There is
also evidence of morphine’s reduction of myocardial ischaemic size. Fentanyl has a
diminished ability to attenuate the inflammatory response. Midazolam has little influence on

the body’s defence systems (3, 49, 138).

Ketamine provides haemodynamic stability by preserving cardiac output through central
nervous system stimulation and prevention of catecholamine reuptake in neutrons. Ketamine
attenuates the increase in IL-6, IL-8 and TNF-a and therefore reduces the pro-inflammatory
arm of the stress response. This suppressive effect on the inflammatory cascade may confer
organ protective benefits. After CABG on CPB, ketamine was found to attenuate neutrophil

activation and decrease IL-6 levels when compared with a placebo (3, 36, 139, 140).

Midazolam and thiopentone were found to effect their anti-inflammatory activity through
inhibition of neutrophil function in an in-vivo investigation (141). Midazolam was also shown
to significantly inhibit “lipopolysaccharide-induced up-regulation of proinflammatory
mediators and activation of mitogen-activated protein kinase” (142). Nuclear factor-kf3
transcriptional activity was also suppressed. An animal study by Bartosikova et al. showed
improved postischaemic recovery in hearts of rats pretreated with midazolam 0.5mg/kg

intraperitoneally (143).
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Kato and Foex (3), in a review of studies in predominantly animals using volatile and
intravenous anaesthetics, made the following observations:
» the cardioprotective effects conferred by halogenated agents were in concentrations

similar to those used in clinical practice 0.5-2.0 mean alveolar concentration (MAC)

» of the opioid anaesthetics, only morphine concentrations used experimentally were

achievable in clinical scenarios (3 mg/kg)

» neutrophil adhesion during reperfusion was inhibited by ketamine at clinically relevant

doses

» propofol concentrations used in animal studies showing cardioprotection, were at doses

10 times more than the clinical range

» volatile anaesthetic agents conferred myocardial protection when compared with

nonvolatile anaesthetic agents in patients undergoing CABG and OPCAB (74).

In a meta-analysis of 27 studies with 2979 patients included, Symons and Myles (144) looked
at myocardial protection with volatile anaesthetic agents during CABG surgery. Their
endpoints included myocardial ischaemia, myocardial infarction, mortality, cTnl

concentrations, inotropic support, cardiac index and length of ICU and hospital stay.

Only 5 studies had reported on mortality, 12 on MI and 8 on myocardial ischaemia (144). No
significant differences were found in respect of MI, myocardial ischaemia, mortality and
length of ICU stay. However, those who received volatile agents had significantly lower
Troponin I concentrations compared with those who did not. They also had 20% higher
cardiac indices, lesser inotropic support requirements and shorter hospital stays. This study

included trials from 1985 to 2005.

The cardioprotective properties of volatile anaesthetics have been attributed to
preconditioning (145, 146). Sevoflurane is said to elicit changes in the mitochondrial proteins

involved in energetic metabolism (145, 146). The positive results of myocardial
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preconditioning are supported by meta-analyses of experimental animal studies by Kunst et

al. (2) and Klein et al. (136).

Looking back to earlier studies (1966—-2005), Yu and Beattie (147) analysed data from 32
studies with 2841 patients. They too did not find a significant reduction in mortality rate in
the 10 studies that reported on it. They did, however, find a reduction in the rate of MI with
sevoflurane and desflurane. Of concern was a finding of an increase in the rate of MI with
enflurane that they found in a post hoc analysis. Sevoflurane and desflurane were also found
to be associated with significant reductions in ¢Tnl. It would seem from this meta-analysis

that not all volatile agents are cardioprotective but that enflurane may in fact increase the rate

of MI (147).

Propofol, midazolam and short-acting opioid analgesics were used in this current study to
avoid use of confounding cardioprotective agents such as morphine and ketamine. A volatile-
agent-free anaesthetic was given throughout the entire perioperative period for the same
reasons. In a recent systematic review of the literature which was followed by a consensus-
based voting process, volatile agents, amongst all anaesthetic agents were selected as
contributing towards lower mortality in cardiac surgery (148). They reported on interventions
with a statistically significant effect on mortality in the setting of cardiac surgery through a
systematic Medline/PubMed search and contacts with experts, and it was voted on by

clinicians worldwide.

2.1.6 Alpha-2 agonists and myocardial protection in cardiac surgery
The following studies investigated the effects of pre-dexmedetomidine -2 agonists such as

clonidine on myocardial protection.

Helbo-Hansen et al. (84), in 1986 examined forty patients undergoing CABG surgery in an
observational study. Twenty of them received decremental doses of clonidine while the other
20 served as controls. They found that plasma adrenaline and noradrenaline levels were less

than % of the control group in the clonidine group 90 minutes postoperatively. In 1993
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Dorman et al. (149) reduced adrenaline and noradrenaline levels post sternotomy in the
clonidine group, but patients experienced much lower systolic blood pressures and more
patients needed pacing. Aortic cross-clamp (Aocx) time was coincidentally shorter in the

group that received clonidine.

Abi Jaoude et al. (150) performed an RCT of 24 patients looking at haemodynamic effects of
clonidine premedication, and found that it conferred an unstable haemodynamic status

requiring higher doses of vasoactive agents. Myles et al. (151) also found that clonidine led to
more hypotension and bradycardia, despite the improvement in some aspects of quality of life

parameters.

In 1999 Loick et al. (68), in an RCT of 70 patients, compared intravenous clonidine with high
thoracic epidural anaesthesia (TEA) and placebo. They assessed troponin as a marker of
myocardial ischaemia. An assessment of laboratory parameters was made at baseline, 30
minutes, 12 and 24 hours postoperatively. An increase in troponin levels was present in the
first 24 hours in all groups, but less so in the clonidine than the control group. It was much
higher than the TEA group. The only mortality in the study was in the clonidine group.
Clonidine did not cause a significant attenuation of plasma epinephrine release. It was found

to lead to adverse haemodynamic events (60, 116).

Clonidine is an 0-2 adrenergic agonist that was investigated for cardioprotective properties
before the advent of dexmedetomidine. The results of the effects of clonidine show

inconclusive evidence towards cardioprotection.

2.1.7 Dexmedetomidine

Dexmedetomidine is a pharmacologically active S-enantiomer of medetomidine with a high
affinity for a-2 adrenoreceptors at an a-2:0-1 ratio of 1600:1.21 (49, 82). It has a molecular
weight of 236.7 Dalton, and is chemically described as (+)—4—(S)—-1H-imidazole
monohydrochloride (82, 83).
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Dexmedetomidine has a rapid distribution phase (152). Its distribution half-life (t/2) is

6 minutes; elimination half-life is 2 hours; and steady-state volume of distribution following
intravenous administration is +118 L (152). It exhibits linear pharmacokinetics in the dosage
range of 0.2 to 0.7 pug/kg/hr as an intravenous infusion for up to 24 hours (146—148). Its
clearance is estimated to be approximately 39 L/h for a 70-kg man (152-154).

It is produced as a white powder that is water soluble with a pKa of 7.1. It mixes with water to
form a clear, colourless, isotonic solution with a pH of 4.5 to 7.0 (152-154). Its partition
coefficient in octanol:water at pH 7.4 is 2.89 (152-154). Each millilitre contains 4 pg of
dexmedetomidine hydrochloride (152). The solution is free from preservatives, additives and
chemical stabilizers (152). Dexmedetomidine is a hypnotic-anxiolytic with a potential for up
to 90% reduction in anaesthetic dose of isoflurane and halothane at higher doses (49, 152,

155, 156).

Dexmedetomidine has the ability to prevent changes in cardiac contractility, ejection fraction,
stroke volume and calculated systemic vascular resistance (49, 124, 156). At doses, lower
than 0.4 pg/kg/hr, it has been shown to have minimal haemodynamic adverse effects (124). It
is proven to reduce the release of endogenous epinephrine and norepinephrine levels
perioperatively (124, 156). In a study of 80 CABG patients, Jalonen et al. (76) found a 90%
decrease in plasma concentrations of norepinephrine in patients who received

dexmedetomidine.

“Existing data on dexmedetomidine in CABG surgery was said to be fragmented and derived
largely from non-cardiac surgical patients, as well as patients in the ICU setting. This made it
difficult to extrapolate results to CABG surgical patients” (35). Venn et al. (157), in a
postoperative ICU study, showed dexmedetomidine to reduce IL-6 and attenuate the

haemodynamic response to intubation in cardiac patients.
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2.1.8 Dexmedetomidine and myocardial protection

2.1.8.1 Dexmedetomidine and myocardial protection in animal studies

A look at preclinical studies with dexmedetomidine and ischaemia-reperfusion introduces us
to the cellular effects that inform the clinical trials that followed. These studies have either
looked at induced regional or global ischaemia in animal models. The following studies
experimented with varying periods of complete cessation of perfusion, mostly not exceeding

30 minutes, and found the following:

Flacke et al. (158), in anaesthetised dogs (1993) with induced global ischaemia, reported a
decrease in central sympathetic outflow with decreased plasma catecholamines. A decrease in
sympathetic and an increase in parasympathetic tone occurred. This resulted in a decrease in
cardiac output per index, heart rate, and an increase in left ventricular end-diastolic pressure
(LVEDP). Systemic vascular resistance index (SVRI) increased, and the rate of rise of left
ventricular pressure (dP/dtmax) declined initially, and then stabilised. Systemic and
transcoronary oxygen extraction increased, reflected by decreased mixed venous oxygen
saturation at similar arterial oxygen content. There was vasoconstriction of the resistance, and

not of the conductance coronary vasculature due to stimulation of cardiac sympathetic nerves.

In 2007 Okada et al. (159) looked at the effects of dexmedetomidine on global ischaemia-
reperfusion. Five groups of isolated hearts were compared. Dexmedetomidine doses
equivalent to doses used in ICU and translating to 0.23 ng/ml (dexmedetomidine 1) and 2.3
ng/ml (dexmedetomidine 10) were used. Dexmedetomidine 1 and dexmedetomidine 10 were
compared with a dexmedetomidine-yohimbine mixture, yohimbine and control. Coronary
blood flow was reduced in the dexmedetomidine groups. Preischaemic dexmedetomidine
administration reduced infarct size, more significantly with the higher dose
(dexmedetomidine 10) than lower (dexmedetomidine 1). This phenomenon was postulated to

be due to the ischaemia preconditioning effect.

In 2010 Mimuro et al. (160) experimented with a global ischaemia model administering
dexmedetomidine postischaemia. Dexmedetomidine worsened the infarct size compared with

control. This study is highly important as it shows adverse outcome in administering
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dexmedetomidine postischaemia. How this study translates to human studies is yet to be

described.

Regional ischaemia studies, performed with occlusion of either the left main coronary artery
or the left anterior descending artery (LAD), brought to light the very interesting
physiological effect of dexmedetomidine at vascular level. This effect laid a foundation for

clinical trials as follows:

Roekaerts et al. (161) also studied dog hearts and reported on this in 1996. They induced
regional ischaemia and found similar haemodynamic results in a serial occlusion of the LAD
with subsequent dexmedetomidine administration compared with placebo. Dexmedetomidine
was seen to preserve blood flow in the mid- and endocardial compared with epicardial layers
of the myocardial, in the face of coronary artery stenosis or ischaemia, resembling a “reverse
steal” phenomenon. A slower heart rate favoured endocardial perfusion. There was an

increase in endo/epicardial blood flow ratio in the postischaemic hyperaemic myocardium.

Kocoglu (162) and colleagues included 21 rats (2008) in their study and compared
dexmedetomidine with coronary artery occlusion induced ischaemic episodes (IPC) and
placebo on a regional ischaemia model. The infarct area was found to be smaller in the
dexmedetomidine than in the IPC and control groups. The incidence of arrhythmias, however,

was higher in the dexmedetomidine group.

In a study by Ibacache ef al. (163) in 2012, rats’ myocardium was exposed to a 30-minute
regional ischaemia period with 120 minutes of reperfusion. A 25-minute period of
dexmedetomidine preconditioning stimulated prosurvival kinases, reduced myocardial infarct

size, and improved recovery.

The results of these preclinical studies point to the following:
e myocardial protection was achieved with controlled short-period (< 30 minutes)

preischaemic administration of dexmedetomidine similar in effect to IPC
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e aworsened effect was seen with postischaemia administration of dexmedetomidine
e post dexmedetomidine administration led to myocardial hyperaemia
¢ dexmedetomidine increased the risk of arrhythmias

e dexmedetomidine administration lead to vasoconstriction of epicardial coronary

vessels

¢ dexmedetomidine also increased myocardial oxygen extraction.

2.1.8.2 Dexmedetomidine and myocardial protection in vascular patients

Patients presenting for vascular procedures have risk factors for coronary artery disease, with
some already experiencing silent or symptomatic ischaemic heart disease. It is with this in
mind that it became important to look at these patients’ outcomes, as they mirror those
presenting for CABG, albeit without the increased risk presented by CPB and direct

myocardial injury from atriotomy.

Most of the work relating to this was done by Talke and coworkers (164) in San Francisco.
They performed two studies with a cohort of patients that were at high risk of CAD. Their
first report in 1995 presented a pilot study of 25 patients using 3 different doses of
dexmedetomidine and placebo. They continued an infusion of dexmedetomidine up to

48 hours postoperatively. Importantly, patients were not allowed to mobilise while on the
study drug in that 48-hour period. Cardiac enzymes were measured before surgery, and at 12
and at 72 hours postoperatively. Apart from better haemodynamic parameters within the
dexmedetomidine groups, no discernible trend differences were recorded when compared
with placebo. No evidence of major adverse cardiac events postoperatively could differentiate

between the groups.

Their next study with a similar group of patients was reported in 2000 (165). In that study, 41
patients undergoing major vascular surgery were enrolled. A similar drug regimen was
instituted with temporal decrements to the dexmedetomidine dose continuing until 48 hours in

the postoperative period. One case of mortality occurred in the placebo group 7 weeks
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postoperatively from multiorgan failure. Dexmedetomidine lowered plasma noradrenaline
significantly at extubation in the treatment group compared with the placebo groups
(p <0.05). Adrenaline was significantly lower on postoperative day 1 in the treatment group

(p <0.05). No differences in the rate of adverse events were found.

It is worthwhile noting that the practice used by Talke et al. (164, 165) in both studies,
whereby patients were kept immobile without any valid clinical reason for 48 hours
postsurgery while the drug was being administered, is unfamiliar to anaesthesiology. This
particular practice could introduce new problems such as respiratory infections and deep vein
thrombosis due to immobility. It is therefore difficult to interpret and extrapolate Talke et al.’s
studies in the context of CABG patients, particularly in the era of fast-tracking (extubation of

cardiac patients within the first six hours postoperatively).

Biccard et al. (10) showed that, when compared with placebo, dexmedetomidine did not
confer better all-cause mortality outcomes (point estimate 0.27, 95% CI 0.01-7.17, p = 0.44).
The confidence interval for this result, although the OR is below 1, is wide and includes the

null value. It is therefore likely to be imprecise, due to the small sample size.

2.1.8.3 Dexmedetomidine and catecholamines in CABG surgery

The neurohumoral response elicited by CPB includes a cascade that involves catecholamines.
A literature review on the effects of dexmedetomidine on catecholamines is necessary as this
could account for some of the effects of dexmedetomidine. The first citable human study was
by Jalonen et al. (99) in Finland, conducted as a randomised, placebo-controlled and double-
blind, parallel group design study of 80 patients, enrolled between June 1992 and March
1993. Forty patients were allocated to each branch of the study. The inclusion criteria were:
good left ventricular function; age younger than 70 years; and weight less than 100 kg. All
patients with severe concomitant systemic diseases were excluded. Patients with left main

CAD with stenosis of more than 50% were also excluded.
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Their primary outcomes were the determination of plasma adrenaline and noradrenaline from
baseline, 5 minutes after tracheal intubation, 1 minute after sternotomy, before aortic
unclamping, immediately post CPB, 1 and 2 hours postoperatively, and on the first
postoperative morning. They found that there was no statistically significant difference in the
mean of adrenaline levels between the groups (p = 0.250), but there were statistically
significant differences in the increase in noradrenaline between groups at the end of surgery

and 2 hours postsurgery (p < 0.001) (99).

In China Ren et al. (166) enrolled 160 patients presenting for OPCAB between January 2010
and January 2011. Patients were randomised into dexmedetomidine and placebo groups. They
presented for three to four vessel lesion CABG surgery. Their preoperative cTnl levels were
within normal limits. Patients older than 75 years, ejection fraction (EF) <40%, and
arrhythmias preoperatively, were excluded. Diabetes and obesity, which are linked to ongoing

systemic inflammatory disease, were also excluded.

Levels of noradrenaline immediately, and 12 hours postsurgery, were significantly lower in
the dexmedetomidine than the control group (p < 0.05). Catecholamine levels in the

dexmedetomidine group reverted back to be equivalent to the control group (after 48 hours).

There is therefore unequivocal evidence from animal and human studies that
dexmedetomidine attenuates the increase in levels of noradrenaline but not adrenaline when

compared with placebo.

2.1.8.4 Dexmedetomidine and inflammatory markers in CABG surgery
Inflammation is a significant contributor to perioperative morbidity. Preclinical studies by Lai
et al. (167) and Taniguchi et al. (168) showed that early administration of dexmedetomidine

attenuated the increase in cytokine release.

32



A meta-analysis of the effects of dexmedetomidine on inflammatory markers by Li et al.
(169) reported significant decreases of IL-6, IL-8 and TNF-o immediately after surgery and
on the 1% postoperative day. IL-10 was significantly increased on day 1 after surgery. This
study included patients that underwent any type of surgical procedure or traumatic
intervention. Bulow’s group (106), in their investigation of patients undergoing CABG with
mini-CPB, found a significant proportionally higher increase in IL-1 and IL-6 in the total
intravenous anaesthesia (TIVA) group compared with the TIVA-dexmedetomidine group

(p <0.0001), but found no difference in the decrease in IL-10.

In Chen, et al.’s study (170), a group of CABG surgery cases with CPB was investigated and
it was found that the up-regulation of pro-inflammatory (TNF-a, IL-6 and IL-8) markers was
significantly attenuated by the addition of dexmedetomidine. IL-10, an anti-inflammatory
cytokine, was up-regulated in the dexmedetomidine group compared with the control group
(p <0.05). Ren et al. (166) instead looked at cortisol levels at 12 and 24 hours post-CABG
and found lower levels in the dexmedetomidine group compared with the control group, but
similar levels at 48 hours and beyond. In a study by Ueki et al. (171), an RCT of 42 patients
also found that dexmedetomidine attenuated the increase in IL-6 from 1 hour post-CPB to

postoperative day 3 (p < 0.05).

On the contrary, Farsad et al. (172) found an increase in TNF-a in their dexmedetomidine
group compared with placebo. They performed an RCT with 61 patients, randomised to
dexmedetomidine and placebo. They also found no difference in outcome in IL-6, and IL-10

levels.

This review therefore concludes that there is some evidence that dexmedetomidine attenuates
the rate of increase in pro-inflammatory markers and promotes the increase in anti-

inflammatory marker, IL-10. The evidence is, however, conflicting (106, 169, 172).
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2.1.8.5 Dexmedetomidine and ischaemic markers in CABG surgery
Aspects of the patients’ profiles and different anaesthetic and surgical methods have a

potential to influence the outcome in CABG surgery, as evidenced by previous studies (120,

144, 146, 147, 173-175).

The current study sought to investigate the effects of dexmedetomidine on high-sensitivity
troponin (hs-cTn) when compared to placebo in CABG surgery. A systematic search of
the literature using the population, intervention, comparison and outcome (PICO) model of
researchable questions was used to review the literature addressing this. The following
databases were searched: Scopus, Cochrane Library, PubMed Central, ProQuest and Web of
Science. The medical subject headings (MeSH) used were: “dexmedetomidine” AND “high-
sensitivity troponin” OR “hs-cTn” OR “high-sensitivity ¢cTn” AND “coronary artery bypass
graft” OR “CABG” AND “surgery”. The following limits were applied: “human”,
“age>19years”, “randomised controlled trials” and “01 January 2008 to 30 April 2018”.

The search identified 43 studies (PubMed — 0, ProQuest — 0, Web Of Science — 26, Cochrane
Library — 4, and Scopus — 13). Abstracts from thirteen studies were screened by two
reviewers independently. No studies were identified reporting on the effects of
dexmedetomidine on hs-cTn (high-sensitivity troponin) compared to placebo/other
therapy in CABG surgery. Previous studies on the effects of dexmedetomidine compared to
other therapies (or placebo) in cardiac surgery reported outcomes with conventional (non
high-sensitivity) troponin (cTnT and cTnl). Literature on the effects of dexmedetomidine on
cTn (non high-sensitivity troponin) during CABG surgery on and off cardiopulmonary bypass

was found instead and is therefore reviewed as follows:

In Shandong, China, Ren et al. (176) conducted a prospective randomised, unblinded study of
160 patients presenting for OPCAB between January 2010 and January 2011. Patients
presented with three to four vessel coronary lesions. Preoperative cTnl levels were within
normal limits. Their exclusion criteria were: age < 75 years, EF <40%, preoperative

arrhythmias, diabetes mellitus and obesity. Propofol was given at induction and as an infusion
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intraoperatively. Following the first vascular anastomosis, continuous infusion of

dexmedetomidine 0.2—0.5 pg/kg/h was given until 12 hours postarrival in ICU.

Blood samples for ¢cTnl and CKMB were collected at induction, immediately postsurgery and
at 12, 24, 48 and 72 hours postsurgery. Demographics and surgical characteristics were
similar in both groups. The difference in cTnl and CKMB levels immediately and 12 hours
postsurgery was statistically significant (p < 0.05) between groups. However, there was no
difference in cTnl levels at 24, 48 and 72 hours between groups. Since theirs were OPCAB
surgery patients, it is important to note that they did not experience a period of ischaemia-
reperfusion, and therefore their level of inflammatory response is known to be lower than that

in CPB patients (120).

In China (Hubei), Chi et al. (177) prospectively recruited patients between June 2012 and
December 2013 in a randomised, double-blind, parallel group trial. Morphine was given as
premedication and a sufentanil-sevoflurane anaesthetic as maintenance. Patients presenting
for OPCAB surgery (n = 105) were subsequently recruited, and 5 patients were excluded from
the final analysis as they crossed over from OPCAB to CABG on CPB. Two different doses
of dexmedetomidine were given; high dose: 1 ug/kg loading and 0.6 pg/kg/hr maintenance
and low dose: 0.6 pg/kg loading and 0.3 pg/kg/hr maintenance, and control group. Serum
cTnl and CKMB samples were taken before surgery, and 24 and 48 hours postsurgery.

No difference between the low-dose dexmedetomidine and control groups was seen at 24 and
48 hours in relation to ¢Tnl (p = 0.675 and p = 0.549) and CKMB (p = 0.128 and p = 0.402),
respectively. No significant difference in cTnl levels was seen at 24 hours between groups (p
=0.097). A significant difference in 48 hours postsurgery was seen between the high-dose
dexmedetomidine and (p < 0.001) and the control group. Although Chi et al. (177) labelled
this dose as a “high” dose, the dose that they used was one used in clinical practice as a
recommended dose (0.6 pg/kg/hr). The results with the “high” anaesthetic dose of
dexmedetomidine differed from those seen in Ren et al. (176), who found a statistically

significant difference immediately and 12 hours postoperatively.
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Kim et al. (178) in Seoul, Korea, in 2014, randomised 160 patients, but analysed 153. The
patients had undergone OPCAB surgery and were subdivided into four groups; lignocaine,
lignocaine-dexmedetomidine (Lido-DEX), dexmedetomidine (0.3—0.7 pg/kg/hr) and control
groups. Lignocaine, and not dexmedetomidine, was found to reduce postoperative ischaemic
markers. The reduction in cTnl in the Lido-DEX group, when compared with control, was
statistically significantly on day 2 (48 hours postoperatively): cTnl 0.74(0.39-1.37) ng/ml vs.
0.63(0.35-1.64) ng/ml vs. 1.07(0.65-2.48) ng/ml in the lignocaine, Lido-DEX and control
groups, respectively. They found the difference in ischaemic markers in the lignocaine group
compared with control, and Lido-DEX compared to control to be statistically significant,

(p =0.003 and p = 0.048 respectively).

Similarly, CKMB on day 1 in the three groups were 7.67 (5.78-11.92), 7.18 (5.01-11.72),
and 13.19 (6.85-23.87) in the lignocaine, Lido-DEX and control groups respectively. The
differences between the lignocaine vs. control and Lido-DEX vs. control groups was
statistically significant, (p = 0.003 and p = 0.015 respectively). CKMB on day 2 was 3.01
(1.44-4.39), 2.83 (1.57-4.09), and 4.84 (2.63—10.68) in the lignocaine, Lido-DEX and control
groups respectively, with significant differences in the lignocaine vs. control (p = 0.001), and
Lido-DEX vs. control groups (p = 0.001). Lignocaine is intensely cardioprotective. These
results are consistent with the findings by Chi ez al. (177) and seem to suggest that, on its

own, dexmedetomidine is unable to attenuate the rise in ischaemic markers (179).

Between 2011 and 2012 in Santa Maria, Brazil, Bulow ef al. (106) enrolled 30 patients
undergoing CABG with mini-CPB, for a depth of anaesthesia monitored propofol and
sufentanil total intravenous anaesthesia (TIVA) vs TIVA-dexmedetomidine study. Patients
were randomly assigned to TIVA (n = 15) and TIVA-dexmedetomidine group (n = 15). Low
dose dexmedetomidine of 0.3 pg/kg/hr was given. Blood samples were collected as follows:

baseline, 90 minutes, 5 hours and 24 hours after starting mini-bypass.

They measured CRP, CK, CKMB, cTnl and cortisol. No difference in increases of enzymes

with a dose of 0.3 pg/kg/min dexmedetomidine was seen according to the authors. It is
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important to note, as illustrated in previous studies, that mini-CPB does not elicit a neuro-
humoral response similar to conventional CPB (102, 120, 175). The observation therefore was
that, a set low dose of dexmedetomidine on mini-CPB, not adjusted to anaesthetic needs, did

not confer cardioprotection.

In Turkey Tosun et al. (180) randomised 38 patients between the ages of 39 and 80 years
undergoing elective CABG with conventional CPB to dexmedetomidine (n = 18) and placebo
(n = 20). Dexmedetomidine was given as a loading dose followed by an infusion in a
moderate dose of 0.5 pg/kg/hr continuously up to the end of surgery. Fentanyl-sevoflurane
anaesthesia was used. Methylprednisone 30 mg/kg was administered on both arms of the
study. They excluded patients with redo surgery, valve surgery, unstable angina, elevated

ischemic enzymes, use of a balloon pump and EF < 40%.

Cardiac markers increased significantly post CPB in both groups. However, there were no
differences in CKMB, cTnT and NT-proBNP values for all measurement intervals between
dexmedetomidine and placebo at 24 hours post aortic declamping. Sevoflurane has been
shown to confer preconditioning in cardiac patients (145). It was administered to both groups

in addition to methylprednisone, an anti-inflammatory agent.

The mechanism of action of dexmedetomidine has been postulated to be through
preconditioning, similar to volatile agents. The actions of the two agents together (sevoflurane
and methylprednisone), on preconditioning and inflammation, may have rendered the effects

of dexmedetomidine undetectable and negligible.

In Jiangxi, China, Chen ef al. (170) enrolled 65 patients presenting for CABG with CPB
between March 2013 and August 2014. They were randomised to receive either
dexmedetomidine or saline. Blood samples were taken at baseline, 15 minutes, 2 hours and 24
hours after declamping. Anaesthesia was maintained with sufentanil, propofol and

sevoflurane.
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They found a 2-fold decrease in CKMB and cTnl enzymes in the dexmedetomidine group
when compared with saline at 2 hours postsurgery. They also found a 1.6-fold decrease in
CKMB and cTnl enzymes at 24 hours post cross-clamping, at a dose of 0.5 pg/kg/hr (p <
0.01). In this instance, propofol, a free radical scavenger was added to sevoflurane. Evidence
of dexmedetomidine cardioprotection was seen in this study despite it being conducted in a
similar manner to the study by Tosun et al. (180). The difference between the two studies was
that Tosun’s group (180) routinely administered a steroid in both groups in addition to

sevoflurane. The results of these two studies, therefore, showed equivocal results.

In Prague Riha et al. (181) conducted a retrospective analysis among 38 patients aged
younger than 75, with EF > 45% and normal ¢Tnl levels, who had CABG on CPB between
January and September 2010. No steroids where given to any of the patients. Hs-cTnl and
CKMB blood samples were taken on arrival in ICU and on the morning of the first
postoperative day. They used racemic ketamine in combination with dexmedetomidine (KET-
DEX) (dexmedetomidine 0.5-1.5 pg/kg/hr) and compared with anaesthetic doses of
sufentanil and sevoflurane. They found no significant difference between the two groups in

ischaemic biomarkers in the immediate postoperative period.

However, on the first postoperative morning, the KET-DEX group exhibited a statistically
significant decrease in ischaemic biomarkers, cTnl (p = 0.02) and CKMB (p =0.01).
Sevoflurane, a preconditioning agent was being compared with two potentially
cardioprotective agents. The two potentially cardioprotective agents in KET-DEX act through

different mechanisms (139, 182) to each other and to sevoflurane.

The better outcome and the difference in biomarkers seen on the morning of the first
postoperative period could be attributed to the long-acting nature and cardioprotective effects
of ketamine and its metabolites; norketamine and dehydronor-ketamine (182). The
elimination half-life of ketamine is 2 to 3 hours and the volume of distribution is 3 L/kg

(182). Ketamine has been found to attenuate the inflammatory response (139, 183) and
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troponin levels in cardiac surgery (184). Therefore, Riha’s results are to be interpreted in this

context.

Ji et al. (14), in a retrospective analysis of patients who had CABG surgery, compared
dexmedetomidine to conventional anaesthesia. They concluded that dexmedetomidine
attenuated the increase in ischemic and inflammatory markers. They also found favourable
postoperative morbidity and mortality in the dexmedetomidine group (14). Their two groups,
however, were not matched. There were statistically significant differences in both baseline
and perioperative characteristics between the groups. The factors that were different are those
that have been found to impact significantly on outcome in other studies, such as Aocx time,

CPB time, EF and CCF (185-187).

The current study will therefore investigate the effects of dexmedetomidine on hs-¢TnT in
CABG surgery using CPB. This study will seek to determine the difference in changes in
hs-cTnT between the dexmedetomidine and placebo groups during CABG surgery on CPB.
The current study will also seek to investigate the effects of dexmedetomidine “unassisted” by
other “cardioprotective” agents during cardiac surgery such as those presented in a recent

updated consensus process (148).

Most studies reviewed in the literature and reported in this literature review with data on the
effects of dexmedetomidine on cTn changes in cardiac surgery were predominantly
underpowered to make conclusive deductions. The power estimation for the current study was
performed using means from cTn studies. A post-hoc power calculation will be performed to
determine the estimated optimal sample size for a power of 80% with an a angle of 0.05
given the difference in means that will be found. This will assist in informing future research
planning and methodology. A systematic review of the effects of dexmedetomidine on

changes in cTn in cardiac surgery will also be undertaken as part of this thesis in chapter 9.
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2.1.8.6 Dexmedetomidine, length of stay in hospital/ICU and mortality in CABG
surgery
In the retrospective study by Ji et al. (14), 724 patients were enrolled from a single hospital
database. They looked at the effects of dexmedetomidine on the following: in-hospital, 30-day
and 1-year all-cause mortality; 30-day readmission; and length of hospital and ICU stay. Their
results showed an association between dexmedetomidine and a significant reduction in “in-
hospital, 30-day and 1-year mortality rates of 1.5% and 4.0% (adjusted OR = 0.332, 95% CI
0.155-0.708; p = 0.0044), 2.0% and 4.5% (adjusted OR = 0.487, 95% CI 0.253-0.985; p =
0.0305) 3.2% and 6.9% (adjusted OR = 0.421, 95% CI 0.247-0.718; p = 0.0015)

respectively”.

They used propensity score matching for their heterogeneous groups. There were statistically
significant differences in baseline characteristics (dyslipidaemia, CCF, EF, preoperative MI,
renal failure and family history of MI) and procedural characteristics (perfusion time, aortic
cross-clamp time and use of intraaortic pump) (p < 0.05) in this study. These factors on their

own were found to be associated with adverse outcomes in previous studies (186, 187).

An analysis of length of stay in hospital and in ICU by Chi ef al. (177) showed a significant
increase in hours in ICU in their “high”-dose dexmedetomidine group compared with control
mean (SD) 53.1(10.4) hours vs. 41.9(6.0), p < 0.01, high dose and control, respectively, and
no difference in LOS in hospital days mean(SD) 15.6(2.3) vs.15.3(2.0) vs. 16.4(2.0), p =0.10,
high dose, low dose and control, respectively (177). No differences were found when a lower
dose of dexmedetomidine was used. Since their “high”-dose dexmedetomidine was 0.6
ng/kg/hr, a normal recommended anaesthetic/sedation range, it meant that using the normal
recommended dose led to an increase in ICU LOS. In a group of patients older than 65 years,
Cheng et al. (188) found a significant increase in intubation time and LOS in ICU in the

dexmedetomidine group.

Kim et al. (178) investigated the effects of lignocaine-dexmedetomidine versus control on
postoperative length of hospital stay, complications and 1-year mortality rates. They found no

differences, despite significant differences in enzyme concentrations between the lignocaine-
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dexmedetomidine and control groups. Postoperative ICU and hospital stay, and 1-year
mortality between the lignocaine-dexmedetomidine and control groups were 2(2-3) vs. 2(2—
3) days (p = 0.064), 10(8-13) vs. 10(6-11) days, (p = 0.06), 0 vs. 1(3%) (p = 0.363),

respectively.

In a prospective study of 30 participants by Bulow et al. (106), between the group that
received dexmedetomidine and TIVA-dexmedetomidine, there were no differences in length

of stay in ICU and hospitalisation, (4+1 vs 4+1 and 7£1 vs 8+2) days respectively (106).

Tosun et al. (180) also showed no difference in length of ICU stay between the placebo and
dexmedetomidine groups in an RCT, 83.05(15.86) vs. 67.23(8.10) days, p = 0.36. Similar
results were also reported by Riha et al. (181) in their retrospective study with length of stay
in ICU 22.8 (21.8-23.2) hr vs. 23.5 (18.2-25.9) hr, in their sevoflurane-sufentanil and
ketamine-dexmedetomidine comparison, respectively. Their 30-day mortality results were

also similar between these two groups.

In Table 2.1 is a list of studies that investigated dexmedetomidine in CABG surgery with
anaesthetic methods, surgical approach, the addition of cardioprotective agents and 24-hour

troponin outcomes (sources included).
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Table 2.1: Randomised controlled studies of dexmedetomidine in CABG surgery

Author (Ref) cTn Other Study type Surgical cTn type Subjects
24- cardioprotective type number
hours  agents (n)

Bulow et al. (106) - Nil Randomised Mini-CPB cTnl 30

Chietal (177) - Sevoflurane, Randomised OPCAB cTnl 100

morphine

Chenetal. (170) + Sevoflurane Randomised CPB cTnl 65

Kim et al. (178) - Lignocaine Randomised OPCAB cTnl 153

Ren et al. (176) - Nil Randomised OPCAB cTnl 160

Tosun et al. (180) - Methylprednisone Randomised CPB cTnT 38

Dexmedetomidine compared to placebo with or without other cardioprotective drugs and results on

ischaemic marker troponin at 24 hours; CPB — cardiopulmonary bypass; OPCAB — off pump coronary

artery bypass

2.1.9 Summary of the literature regarding the impact of dexmedetomidine in CABG

surgery

» In preclinical studies, dexmedetomidine was administered for a maximum of 30

minutes, with subsequent reperfusion of the myocardium (160, 189, 190).

» In clinical studies, the administration of dexmedetomidine differs, the time periods of

blood sampling differ, and the results differ at different time periods (166, 170, 178,

180).

» While the evidence of reduction of plasma noradrenaline seems consistent, there is

conflicting evidence regarding the reduction of plasma adrenaline in CABG surgical

patients who received dexmedetomidine (99, 166).

» Animal studies seem consistent in showing attenuation of inflammatory markers with

dexmedetomidine administration (167, 168).
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» There is inconclusive evidence of attenuation of pro-inflammatory markers when
dexmedetomidine was compared with controls in clinical studies in cardiac surgery

(169).

» There is inconclusive evidence regarding the impact of dexmedetomidine on IL-10

(170, 172).

» Evidence from randomised, controlled trials suggest that there were no differences in

perioperative outcomes such as mortality, and hospitalisation (177, 178, 180).
» There was inconclusive evidence on length of ICU stay (11, 178, 191, 192)

» Use of additional anti-inflammatory and cardioprotective agents seem to confound the

effects of dexmedetomidine (178, 180).

» Due to the differences in outcome attributable to different surgical strategies, these

have also contributed to differences in outcome (106, 178, 180).

» Different doses and infusion protocols affected outcome, as seen in both preclinical

and clinical studies (159, 177).

2.2 Dexmedetomidine, biomarkers and prediction of outcome

In a linear, multivariate regression analysis of total cost, LOS in ICU and LOS in hospital,
Patanwala and Erstad (193), in a multivariate regression analysis, found an association
between use of dexmedetomidine and increased length of ICU stay (coefficient 0.70, 95% CI
0.59-0.81, p < 0.001), and overall length of hospital stay (coefficient 0.55, 95% CI 0.45-0.65,
p <0.001). They also found an association between use of dexmedetomidine and increased

hospital costs (coefficient 0.56, 95% CI 0.46—0.65, p < 0.001).

A multivariate analysis by Kangasniemi et al. (194) looking at 1098 patients undergoing
CABG surgery, showed that CRP level was an independent predictor of all-cause mortality
(RR 1.60, 95% CI 1.09-2.35, p = 0.017) in patients with a left ventricular ejection fraction
below 50%. Their analysis included factors that affect outcome such as recent MI, CCF, age

and diabetes mellitus.
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Young et al. (195) undertook a meta-analysis to determine the predictive value of proBNP
towards postoperative cardiac complications. They included 24 studies with 5438 patients.
They found that proBNP was predictive of adverse outcome (OR 13.9, 95% CI 8.43-23.8),

with postoperative proBNP levels more predictive than preoperative levels.

Hs-cTn has long been suggested as a predictor of outcome (114, 196-198). In their study of 37
patients, Kocak et al. (196) suggested that hs-cTnT may be more predictive of ischaemia than
conventional cTnT. They found better correlation between myocardial injury and hs-cTnT (r
=0.719, p <0.001) compared with cTnl (r =0.544, p < 0.001). On the other hand, Petaja et
al. (197) used cut-off values of 14 ng/L. and 500 ng/L for preoperative and postoperative hs-
c¢TnT measurements respectively. They found that the addition of Euro-score II increased the
association with 180-day mortality. Lurati Buse et al. (127) in a meta-analysis suggested that
the association between troponin levels and outcome are affected by population type, cTn

subtype, cTn assay and sampling time (121).

Using a regression model, Eigel et al. (198) looked at 540 patients and found c¢Tnl at the end
of CPB, age, gender and CPB time to be significantly associated with adverse outcome.
Fellahi et al (114) found a 2-year postoperative mortality from cardiac causes and non-fatal

cardiac events to be significantly associated with high cTnl levels.

Our study was undertaken to investigate the effects of dexmedetomidine in CABG surgery
with CPB in the absence of other proven cardioprotective and anti-inflammatory agents when
compared with placebo (Table 2.1). The sampling time was 24 hours post induction of
anaesthesia. We specifically looked at the impact of dexmedetomidine on biomarkers such as
NT-proBNP, hs-cTnT and CRP, as well as clinical outcome measures such as LOS in ICU,
LOS in hospital and 30-day mortality.
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2.3 Ethnicity and CAD, dexmedetomidine and pharmacoethnicity

2.3.1 Ethnicity and CAD
The previous chapter reviewed international literature, and work previously done in South
Africa and sub-Saharan African countries with regards to the influence of ethnicity on CAD,

its risk factors and the pharmacodynamics of dexmedetomidine.

A track of the trends in CAD and associated risk factors in Sub-Saharan Africans by
Okinboboye et al. (24) shows a steady increase in prevalence of the disease, reported in the
middle of the 20th century by authors from Tanzania, South Africa and Nigeria. The
Prospective Urban Rural Epidemiology (PURE) study (199) including the Sub-Saharan
African region, a survey of adults examining the relationship of societal influences on: human
lifestyle behaviours; cardiovascular risk factors; and incidence of chronic non-communicable
diseases(199). One interesting finding of this study is that “total fat and types of fat were not
associated with cardiovascular disease, myocardial infarction, or cardiovascular disease

mortality, whereas saturated fat had an inverse association with stroke” (200)

Studies performed in South Africa before 1994 show a very low prevalence rate of coronary
artery disease among Africans (84-88). Due to the locations and the timing of these studies,
the reported proportions of disease between different ethnic groups should be read in the
context of the political dispensation at the time whereby public health services were not
equitably distributed among the different population groups. This would therefore have
affected where patients presented. An analysis by Schwartz et al. (88) of patients admitted to
CHBAH (Soweto) between 1951 and 1961 found a prevalence of CAD disease rate of 0.01%

in African patients.

Later, in 1970, Seftel et al. (201, 202) reported in the Johannesburg Hospital (Hillbrow), a
prevalence of 0.6% in African patients whilst Schrire ef al. (191) reported a rate of 1.4% in
Cape Town’s African patients at the same time. At King George Hospital (Durban) in 1986, a
study by Seedat et al. (203) found the prevalence of CAD (elicited by questionnaire) to be
2.4% in African patients. Joubert et al. (87) looked at African stroke patients in Medunsa
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(Pretoria) between 1984 to 1993 and found resting ECG evidence of myocardial ischaemia in

14.6% and MI in 5.8% of patients.

It is clear from these reports that by the early 1990s, the reported prevalence of CAD in the
African population appeared to be on the increase. In a retrospective Baragwanath hospital
cohort of 500 consecutive patients who presented for diagnostic coronary angiography
between January 1998 and December 1999; 41% of the patients with significant CAD were
African patients (26). No significant differences between African and non-African patients
were found with regard to baseline coronary risk factors. This study at Baragwanath hospital
(26), may have shown a skewed reflection of prevalence of disease, as a large proportion of

patients who would present to this hospital are African.

Steyn et al. (89), in a 2005 study of risk factors associated with MI in Africa, as a part of the
INTERHEART Africa study, recruited participants from 9 countries. More than 80% of these
were from South Africa. Thirty-six per cent of them were African patients (144 cases and 352
controls). The prevalence of smoking (on history), diabetes mellitus, hypertension, abdominal
obesity and cholesterol was higher in the INTERHEART group than in controls (89). The
study showed an epidemiological transition in Africans similar to that seen in African

Americans (89).

Tibazarwa et al. (91, 204) reported an increased incidence of CVD risk factors in participants,
in their Heart of Soweto Study’s Heart Awareness Day. Obesity was found to be the most
prevalent risk factor overall (43%), with women presenting as more obese than men (55% and
23%). This was followed by high blood pressure and elevated total nonfasting cholesterol
levels (204). This study also compared a skewed population group. This current study,
explores the influence of ethnicity and gender in the prevalence of CAD and risk factor

profile in patients presenting for CABG surgery at a tertiary hospital.

In exploring ethnicity and risk factors and their influence on prevalence of CAD, Seedat et al.

(205) found a high prevalence of hypertension (25%) in urban Zulus compared with 17.2%
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and 14% in whites and Indians, respectively. However, this did not translate into a higher
prevalence of CAD in these Zulus. In 1994, Seedat ef al. (203) found that smoking,
hypercholesterolemia and hypertension were major risk factors in whites while they found

hypertension, smoking and obesity to be important risk factors in female patients.

Isles et al. (206) also concluded that, although Africans in their study had a higher prevalence
of hypertension, it was not commonly associated with CAD, but rather with cerebrovascular
disease. There is a suggestion from the literature that although African patients have a high
incidence of hypertension, they present more commonly with hypertensive heart disease,
strokes and renal complications, but not with a high prevalence of CAD (207). There is a
suggestion of high fibrinolytic activity that is postulated to contribute to lower CAD rates
when compared with other ethnic groups (24, 208).

Ethnic and gender differences have been shown as a factor in the presentation of disease
processes and risk factors in several other studies (89-92). Genetic variability, linked to
ethnicity, is known to have a relationship with pharmacogenetics and pharmacogenomics (93-
95). The variability expresses itself in the form of differences in drug metabolism, transport
proteins and drug target sites (93). Dexmedetomidine, which acts on the a-2 adrenal receptor,

has also been shown to be subject to these variabilities (96, 97).

2.3.2 Dexmedetomidine, pharmacoethnicity and cTn

The studies reviewed in the literature did not report on the influence of ethnicity on the effects
of dexmedetomidine on troponin (¢TnT and c¢Tnl) levels in cardiac surgery. The literature was
searched systematically using the population, intervention, comparison and outcome (PICO)
model of researchable questions to identify studies that reported on this. The following
databases were searched: Scopus, Cochrane Library, PubMed Central, ProQuest and Web of
Science. The major medical subject heading (MeSH) terms used were: “dexmedetomidine”
AND “Race” OR “ethnic groups” OR “Ethnicity” AND “troponin” OR “cTn” OR “cTnT”
OR “cTnl” AND “cardiac” OR “heart” AND “surgery” AND “01 January 2008 to 30 April
2018”.
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The search identified 140 studies (PubMed — 97, ProQuest — 3, Web Of Science — 24,
Cochrane Library — 16, and Scopus — 0). None of the studies considered the effects of
dexmedetomidine on troponin changes associated with ethnicity in cardiac surgery. The
titles and abstracts scanned suggested that these studies addressed the effects of
dexmedetomidine on clinical outcomes associated with ethnicity instead. These studies
that reported on the effects of dexmedetomidine on clinical outcomes associated with

ethnicity are discussed:

Holliday et al. (94) reviewed the literature on interpatient variability in clinical and sedation
outcomes associated with dexmedetomidine. They described the genetic a-2 receptor
polymorphism and interpatient variability in dexmedetomidine response with cardiovascular

and sedation outcomes.

Dexmedetomidine was shown to display variable interpatient clinical responses in both
healthy and ICU patients (96, 209). Metabolic and genetic (CYP2AG6) variations were
suggested as possible reasons for these variations (96). These variations had manifested in
differing cardiovascular and sedation responses to dexmedetomidine (96, 209). The vascular
effects of dexmedetomidine between ethnic groups showed a wide interpatient variability,

however, ethnicity was not found to be related to these changes (209).

Kurnik ef al. (210) found a substantial interindividual variability in the reduction of systolic
blood pressure (range, 1 to 34 mm Hg) and plasma norepinephrine concentrations (range, 24
to 424 pg/mL). However, they did not find a significant difference between “black and white”
subjects in their dexmedetomidine responses (P>0.16 for all outcomes), before or after
adjustment for covariates. They also did not find a relationship between genotypes ADRA2C
del322-325 and GNB3 C825T in response to dexmedetomidine (all P>0.66).

Conversely, Tellor et al. (211) found an association between non-African race and sedation

intolerance in their ICU study (OR 9.5, 95%CI 1.16—77.91, p = 0.03). The differences in
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response between the different ethnic groups were thought to be due to the link between
genetics and ethnicity (94). Genetic o-2 receptor polymorphism has also been suggested as a

reason for interpatient dexmedetomidine response (94).

Gene polymorphism showed a significant response on effects of sedation with
dexmedetomidine (212). A common gene variant was found to be associated with a
dexmedetomidine blood pressure response in one study (97). A previous study had shown
ethnic differences in the blood pressure response to clonidine administration (213). Clonidine,
however, has effects on both a-1 and a-2 receptors, which may have had an influence on the
results. This type of ethnic difference in blood pressure response was not found with

dexmedetomidine (209).

Kohli et al. (96) explored the effects of differing metabolic rates in response to
dexmedetomidine in patients with identical alpha adrenergic genotypes. They divided these
patients into different metaboliser groups. They found no significant differences between the
different metaboliser groups. They also found no significant association with a specific
genotype. Previous studies had found no association with age, smoking, gender or body

weight in response to clonidine (214) and dexmedetomidine (215).

This current study will investigate the effects of dexmedetomidine on hs-cTnT, other

biomarkers and clinical outcomes related to ethnicity as a subgroup analysis.
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CHAPTER 3 : RESEARCH METHODOLOGY

3.1 Hypothesis
1. In patients undergoing CABG surgery with total intravenous anaesthesia, in the absence
of any other proven cardioprotective anaesthetic agent, dexmedetomidine protects the

myocardium from ischemia-reperfusion injury, as evidenced by:
» attenuation of increase in ischaemic marker (hs-cTnT)
» down-regulation of inflammatory biomarker IL-6 and up-regulation of IL-10
» adecrease in ICU stay and hospitalisation
» areduced 30-day mortality compared with placebo.

2. Preoperative plasma inflammatory marker CRP and cardiac biomarkers NT-proBNP and

hs-cTnT are predictive of short-term outcome in patients undergoing CABG surgery.

3. The prevalence of coronary artery disease in African patients presenting for CABG is

lower than other ethnic groups.

3.2 Methods

3.2.1 Study design

A prospective double-blind, randomised, placebo-controlled trial was undertaken (Flow
Diagram 4.1). Randomisation was performed by an independent pharmacist who was the only
person not blinded to the study. A list from 1 to 90 was prepared before the study
commenced. Forty-five dexmedetomidine and 45 placebo entries were randomly assigned. As
patients were enrolled, the pharmacist allocated them into consecutive numbers and
prescribed and prepared the blinded randomly assigned drug. Both the patient and the
anaesthesiologist were blinded to what was given. The “drug” in the sterile syringe, prepared
by the pharmacist at commencement of the procedure, was treated as though it was
dexmedetomidine. Infusion rates of 3—7 pg/kg/hr were titrated to the “needs” of the patient in
conjunction with other intravenous anaesthetic agents given. A standardised anaesthetic was

administered for all patients in both arms of the study.
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3.2.2 Study population

Consecutive consenting patients with triple vessel or left main stem coronary artery disease
undergoing on-pump coronary artery bypass graft surgery at the CMJAH, were recruited for
this study. Ethical approval (Appendix 1) for the study was obtained from the Human
Research Ethics Committee of the University of the Witwatersrand. Informed written consent
(Appendix 2) was obtained from patients willing to participate in the study. The trial was
registered with the Pan African Clinical Trials Registry, trial number

PACTR201806003460336.

The study participants were covered by clinical trial insurance (Appendix 5). Approval for
using dexmedetomidine for the trial was received from the Medicines Control Council of
South Africa (Appendix 4), as it is not licensed for intraoperative use in South Africa. It is
only licenced for post cardiac surgery ICU sedation. The study was conducted in accordance

with the Declaration of Helsinki (98).

3.2.3 Inclusion criteria

1. Left main or triple vessel coronary artery disease.

2. Age above 18 and below 65 years.

3.2.4 Exclusion criteria

1. Age below 18 or above 65 years.
2. Pregnancy or lactation.

3. Liver dysfunction (AST or ALT > twice the upper range of normal). Normal values

(National Health Laboratory Services: AST 5-40 and ALT 5-40 units/dl).
4. Sick sinus syndrome.

5. Use of concomitant medication with potential for major drug interactions such as

propoxyphene, sodium oxybate and tinazide.
6. Patients requiring preoperative inotropic support.

7. Asthma.
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8.

9.

Uncontrolled pulmonary congestion as evidenced radiologically and by arterial

hypoxemia.

Evidence of ongoing infection as indicated by acute phase reaction markers.

10. Patients undergoing combined coronary and valve surgery, or other open-heart

3.3

—

procedures.

Anaesthetic technique

The following interventions were performed during the preoperative visit:
Informed consent was obtained.

40% supplemental oxygen by mask was given to improve oxygen supply to the

myocardium.

Midazolam 0.25-0.5 mg/kg orally with a maximum dose of 10 mg one to two hours

before induction was prescribed for anxiolysis.

Routine medication was prescribed, excluding anticoagulants and angiotensin-converting

enzyme (ACE) inhibitors — to reduce the risk of perioperative bleeding and hypotension.

Intraoperative monitoring comprised the following:
Electrocardiogram (ECG).

Non-invasive blood pressure.

Oxygen saturation.

Continuous 40% oxygen supplementation.

Depth of anaesthesia monitoring with bispectral index (BIS) monitor (from Covidien).

Intravenous lines were inserted as follows:
Skin local anaesthesia with lignocaine followed by:
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14- or 16-gauge intravenous catheter.
20-gauge radial artery catheter.

7.5 French internal jugular or subclavian (left or right) central venous pressure catheter.

. Blood samples were obtained and frozen to be processed in a single batch.

. Dexmedetomidine dosage:

The standard recommended dose for dexmedetomidine is 0.3 — 0.7 pug/kg/hr. For each
individual patient, the initial starting dose of the active drug or placebo prepared by the
pharmacist as “drug” was 0.3 pg/kg/hr. The dose was titrated up according to blood
pressure and heart rate response up to the dose of 0.7 ug/kg/hr, with particular care to

giving a lower dose in patients above the age of 60 years.

The drug was issued once before anaesthesia induction, commenced at induction and
continued throughout the intra-operative period until the end of the volume (50 ml). There
were therefore different cessation times depending on the patient’s weight and the rate at
which the anaesthesiologist chose to run the infusion and their intraoperative titration

which was based on haemodynamic changes.

For most patients, the infusion was continued for up to 2-4 hours in ICU until the syringe
was empty. The plan was to run the infusion as naturally as possible as was the tradition
of running intraoperative infusions in our unit. None of the patients had the infusion
stopped prematurely in the intraoperative period. No additional dexmedetomidine was
added in ICU as our hospital did not have the drug on schedule. Rescue analgesia and

sedation was with morphine and midazolam.

. For anaesthetic induction, the following were given intravenously:
Propofol 0.5-1 mg/kg.

Midazolam 0.1-0.5 mg/kg.

Sufentanil 0.1-1 pg/kg or fentanyl 1-2 pg/kg.

53



Rocuronium 0.3-1.2 mg/kg.

. Anaesthetic was maintained with the following:
Propofol 0.5-1 mg/kg/min.
Midazolam 0.25-0.5 mg/kg/min.

Sufentanil 0.01-0.1 pg/kg/min or fentanyl 1-2 pg/kg/hr or remifentanil 0.25-0.5
pg/kg/min.

Rocuronium 0.3 mg/kg/hr.

. Vasoactive drugs and volume resuscitation comprised the following:
Phenylephrine bolus doses of 50-100 pg.

Phenylephrine infusion of 50-250 ng/kg/min.

Trinitroglycerine (TNT) infusion of 0.5-2 pg/kg/min.

Intravenous fluid boluses of 250 ml titrated to haemodynamic goals.

. Adjuncts for treatment of tachycardia, hypertension and arrhythmias included:
B blocker (esmolol 0.25—1 mg/kg or labetolol 10-20 mg).

Lignocaine 1 mg/kg to treat ventricular tachyarrhythmia.

Calcium chloride for replacement when indicated.

Serum potassium optimised to prevent arrhythmia.

Atropine for brady-arrhythmias.

Magnesium sulphate for arrhythmia prevention/treatment and free radical scavenging.
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10.

11.

12.

Cardiopulmonary bypass was conducted as follows:

Crystalloid solution as prime, except in patients with a haemoglobin of less than 10 g/dL,

in which case packed red blood cells were used.
Pump flow rate as per the Du Bois chart used by the perfusionists (2.4-3.0 L/min/m?).

Myocardial preservation with warm antegrade and retrograde cardioplegia with blood and

Medsol cardioplegic induction, and maintenance solution at a ratio of 4:1.
Topical cooling of the heart with ice-cold water.

Body temperature decreased to 30°C—-32°C during aortic cross-clamping using a pump

cooler.

PaCO? (carbon dioxide partial pressure) adjusted according to alpha-stat regulation.

Inotropic/Vasoactive Support post-CPB comprised the following:
Adrenaline 50—100 ng/kg/min infusion;

Phenylephrine 50-250 ng/kg/min infusion;

Nitro-glycerine 0.5-1.5 pg/kg/min;

Phenylephrine boluses of 50-100 ng.

Blood and blood products replacement was conducted as follows:

Blood and blood products administered as per guidelines for transfusion in an adult
cardiac patient to achieve a required haematocrit and a normal clotting profile according
to the “American Society of Anaesthesiology Guidelines for Transfusion of Packed Red

Blood Cells in Adults” (216).
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3.4  Blood sample storage
Blood samples drawn were immediately labelled with the patient’s study number and taken to
the laboratory, centrifuged within 1 hour and stored at —80°C until assayed in batches. Plasma

was thawed later and prepared for processing.

3.5 Postoperative management
Patients were transferred to the ICU for at least 24 hours during which the study drug and

blood samples, a twelve-lead ECG and haemodynamic parameters were recorded.

3.6  Blood sample analysis

Blood samples stored as per instructions in Appendix 3 were assayed in batches. The
procedure involved thawing of samples to temperatures of 16°C—25°C. Two mL were taken
for sampling and the remainder was refrozen and stored. The following assays were

performed:

Hs-cTnT: “Test principle was a two-site sandwich immunoassay. When the specimen was
added to the sample pad, it moved through the conjugate pad and mobilised gold anti-cTnT
conjugate that was coated on the pad. The mixture moved along the membrane by capillary
action and reacted with anti-cTnT antibody that was coated on the test region. If cTnT was
present at detectable levels, the result was the formation of a coloured band in the test region.
If there was no cTnT in the sample, the area remained colourless. The mixture continued to
move to the control area and formed a pink to purple colour, indicating the test was working

and the result was valid.” (217)

CRP: “The test was based on an immunological reaction between CRP antisera bound to
biologically inert latex particles, and CRP in the test specimen. When serum containing more
than 0.8 mg/dL. CRP was mixed with the latex reagent, visible agglutination occurred. The

aggregates were then determined turbimetrically.” (218)
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NT-proBNP: “In the first step, biotin-labelled and ruthenium-labelled polyclonal sheep
antibodies (binding to different regions of NT-proBNP) were combined with 20 pL of sample
and incubated for 9 minutes. In the second step, streptavidin-coated magnetic microparticles
were added and the mixture was incubated for a further 9 minutes. After the second 9-minute
incubation, the reaction mixture was transferred into the measuring cell where the beads were
captured on the surface of an electrode by a magnet. Unbound label was removed by washing
the measuring cell. In the last step, voltage was applied to the electrode in the presence of a
tripropylamine-containing buffer and the resulting electrochemi-luminescent signal was
recorded by a photomultiplier. Pure NT-proBNP peptide in analyte-free human serum matrix

was measured” (219). Samples were analysed using ROCHE test assay through the NHLS.

Interleukins: “An enzyme linked immunosorbent assay (ELISA) test based on standard
sandwich enzyme-linked immune-sorbent assay technology was used. The interleukin-
specific polyclonal antibodies were precoated onto plates with wells. The human-specific
detection polyclonal antibodies were biotinylated. The unknowns and biotinylated detection
antibodies were added to the wells and followed by washing with a prepared buffer. A
peroxidase complex was added and unbound conjugates were washed away with the prepared
buffer. A colour change was shown by adding an acidic stop solution. The density of the
colour was proportional to the human interleukin amount captured on the plates. For this
analyte, IL-6 levels below 0.01 pg/mL and IL-10 below 3.64 pg/mL were undetectable.
Interleukins were analysed with Doctor R. Duarte using reagent: LXSAHM—-02 — Human
Magnetic Luminex Screening Assay, panel reference number 6RI x HCGD from Whitehead

Scientific (Pty) Ltd.” (220)

3.7 Outcome measures

3.7.1 Primary outcome

1. Postoperative serum hs-cTnT measured 24 hours post induction.

3.7.2 Secondary outcomes

1. Change in serum hs-cTnT 24 hours post induction and hs-cTnT at baseline.

57



2. Postoperative serum IL-6 and IL-10.

3. Preoperative IL-6 and IL-10 and the change in IL-6 and IL-10 over 24 hours.
4. Length of ICU stay (days).

5. Length of hospitalisation (days).

6. 30-day postoperative mortality.

7. 1-year mortality.

8. Predictive value of dexmedetomidine administration, preoperative inflammatory marker
CRP and cardiac biomarkers hs-cTnT (baseline and at 24 hours) and NT-proBNP towards
length of ICU stay; length of hospitalisation; and 1-month mortality.

3.8 Statistical analysis, sample size and power estimates

The sample size calculation was based on previous work on ¢cTnT tests, as at time of this
estimation there was no study published that had used hs-cTnT in evaluating the effects of
dexmedetomidine in CABG surgery. A post-hoc sample size and power analysis are

performed and reported.

From these studies, it was estimated that mean cTnT levels of 1.3 and 0.4 ng/ml with a
standard deviation of 1.5 ng/ml in each arm (placebo vs. dexmedetomidine, respectively),
would be significant. This study assumed that a two-tailed t-test, at o = 0.05 for independent

samples would be used to compare mean troponin levels in the 2 groups.

Assuming these estimates, a minimum sample size of 40 per arm was required in order to
achieve a power of 80%. Five participants were added on to each arm of the study to allow for
loss to follow-up. Data analysis was performed using Stata/SE 13.1 statistical software
(Copyright 1985-2013 Stata Corp LP Statistics/Data Analysis Stata Corp 4905 Lakeway
Drive Special Edition College Station, Texas 77845 USA 800—-STATA-PC

http://www.stata.com, stata@stata.com).
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Normally distributed data was presented as mean and standard deviation whereas skewed data
was presented as median and interquartile range for skewed distribution. Comparative
statistics were used to analyse the two study subsets using paired and unpaired Student’s t-test
for parametric data or Mann-Whitney and Wilcoxon matched pairs for nonparametric data.
Anova and Kruskal Wallis tests were used to compare 3 and more, normally distributed and
skewed data sets, respectively. Correlations were determined by Pearson’s and Spearman’s

test for parametric and nonparametric data respectively.

Categories were plotted on a contingency table and analysed as proportions using the Fisher’s
exact test. Multilinear and logistic regression analysis models were used for continuous and
binary independent outcome variables respectively to look for associations between patient
variables. Regression diagnostics were performed. Simultaneous quantile regression was used
due to failure of the data to comply with regression diagnostics. Randomisation scheme is

schematically shown in Figure 3.1.
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95 eligible patients for 3—vessel CABG were recruited
between February 2014 and June 2016

|

3 patients refused consent, 2 patients

|

90 patients gave written informed

were missed

consent.

Standard anaesthetic monitoring
and overall care. Group A (45

patients) received saline as placebo

Standard anaesthetic monitoring
and overall care. Group B (45
patients) received

dexmedetomidine

|

1

Collection of data at induction,
pre—bypass, post—bypass, 6-hours,
18-hours and 24-hours post—
operatively and at 30-days and 12-

months

Collection of data at induction,
pre—bypass, post—bypass, 6-hours,
18-hours and 24-hours post—
operatively and at 30-days and 12-

months

Number of patients per analysis
81 —delta hs-cTnT (24-hour)

70 —IL-6 (preoperative)

52 —IL-10 (preoperative)

88 — LOS ICU (days)

88 — LOS hospital (days)

90 — 30-day and 1-year mortality

*sample sizes for individual analysis are also indicated in respective datasets

Figure 3.1: CONSORT randomisation flow chart
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CHAPTER 4 : DEXMEDETOMIDINE vs PLACEBO

4.1 Introduction

Conventional cTn has increased sensitivity and analytical performance in detecting
myocardial injury. Hs-TnT is postulated to have greater sensitivity compared with ¢Tn in
detecting myocardial injury. In light of this, we sought to describe the effect of
dexmedetomidine on hs-cTnT levels post CABG surgery. This chapter reports the results of

the clinical trial to this effects.

4.1.1 Baseline characteristics: dexmedetomidine vs placebo
The baseline characteristics and preoperative risk factor profile between the two groups are

detailed (Figure 4.1) (Table 4.1).

Gender and ethnicity were comparable between groups. There was no difference in risk factor
profile. The proportions of patients on cardiovascular medical therapy were the same in the
two groups (Figure 4.1). There was no significant difference in Aocx and CPB time between

the two groups (Table 4.1). The number of vessels grafted was also comparable.

Cardiovascular Medical Therapy

100
80
78 81 0
60 71 p=0438 p =0.419 p=0.079
— — L |
40
0
B Blocker ASA Statin

m Total Dex m Placebo

[ Blocker — Beta Blocker; ASA — Acetylsalicylic Acid; Dex — Dexmedetomidine; total — number of
patients out of 90 on cardiovascular medication; 3 Blocker (p = 0.438), ASA (p = 0.419), Statin (p =
0.079)

Figure 4.1: Patients on cardiovascular medical therapy
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Table 4.1: Characteristics differences between dexmedetomidine and placebo

Parameter Dexmedetomidine (n=45)  Placebo (n=45) p value
Age (yr) median(IQR) 57(51-60) 57(51-61) 0.8524
Africans n(%) 9(20) 10(22) 0.7973
Female n(%) 11(24) 7(16) 0.7973
NYHA mean(SD) 2.61(0.840) 2.52(0.86) 0.6443
*EF (%) median(IQR) 55(45-60) 50(45-57.5) 0.0533
Weight (kg) median(IQR) 81(67-90) 79(71-93) 0.7043
BMI (kg/m?) median(IQR) 27(24-30) 28(24-32) 0.2661
Smoking n(%) 24(53) 18(40) 0.2050
Dyslipidaemia n(%) 25(56) 25(56) 1.0000
Hypertension n(%) 35(78) 34(76) 0.8030
Diabetes Mellitus n(%) 21(47) 18(38) 0.3930
Aocx time (min) mean(SD)  109.28(27.20) 105.82(28.03) 0.5532
CPB (min) mean(SD) 155.93(32.17) 152.77(43.66) 0.4290
Number of vessels 2.93(0.65) 2.91(0.76) 0.8824

mean(SD)

*Ejection fraction was analysed in only 82 patients as we did not have data on the remaining 8 patients.
BMI — body mass index; EF — ejection fraction; NYHA — New York Heart Association functional
class; Aocx — aortic cross-clamp time in minutes; CPB cardiopulmonary bypass time in minutes;

Vessels — number of vessels grafted; and yr — year

4.1.2 Effects of dexmedetomidine on hs-cTnT
Eighty-one patients were analysed for hs-cTnT biochemical tests. Forty in the
dexmedetomidine group and 41 in the placebo group. Two patients died on the operating

table.

There was a statistically significant increase in hs-cTnT from baseline to 24 hours post

induction, 13(8-38) ng/L vs. 367(266—691) ng/L respectively (p < 0.001) (Table 4.2). The



change in hs-cTnT from baseline to 24 hours (delta hs-cTnT) was not statistically different
between groups: 353.5(231.5-621.5) ng/L vs. 301(217-648) ng/L, p = 0.59, placebo and

dexmedetomidine respectively (Figure 4.2).

Table 4.2: Troponin at baseline and 24 hours

Hs-cTnT (ng/L) median(IQR) Baseline 24-hour p value
Total (Dex + placebo) (n=81) 13(8-38) 367(266-691) <0.001
Dexmedetomidine (n=40) 12(8.5-34) 365(272.5-669)  <0.001
Placebo (n=41) 12(7-62) 393(266-721) <0.001

Hs-cTnT — high-sensitivity cardiac troponin T, between baseline and 24-hour troponin
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Dexmedetomidine (Dex) and placebo (P1): hs-cTnT at Baseline — Blue (T0); hs-¢cTnT at 24-
hour (T24) — Red; and delta hs-cTnT (tropdiff) — Green (difference between induction and 24-

hour levels)

Figure 4.2: Comparison between dexmedetomidine and placebo
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The comparison of Troponin levels 24 hours post induction between the two groups was not
statistically significant 365(272.5-669) ng/L vs. 393(266—721) ng/L, p = 0.94,

dexmedetomidine and placebo respectively (Figure 4.2).

4.1.3 Effects of dexmedetomidine on interleukins

Analysis of IL-6 was undertaken in 70 patients, whereas that of IL-10 was undertaken in 52
patients. The remaining patients could not be assayed for these cytokines because either their
samples clotted during processing or results were undetectably low and out of range for the
reagent. The results of the interleukin levels at induction were abandoned because, although
they were processed, the majority reported out of range levels (too low) for this reagent as

well.

There was no significant difference at 24 hours in IL-6 between the dexmedetomidine and
placebo groups 0.1(0.06-0.15) pg/ml vs. 0.09(0.06-0.17) pg/ml, p = 0.42, respectively.
Furthermore, dexmedetomidine did not influence levels of IL-10 when compared with

placebo 4.45(3.2—7.48) pg/ml vs. 4.39(1.69-8.39) pg/ml, p = 0.41 (Table 4.3).

Table 4.3: Comparison between IL-6 and IL-10 at 24-hour postinduction between

dexmedetomidine and placebo

Interleukin (pg/mL) Total Dexmedetomidine ~ Placebo p value
(n=170) (n=34) (n=36)

IL-6 median(IQR) 0.10(0.06-0.17) 0.09(0.6-0.17) 0.1(0.06-0.15)  0.9812
(n=52) (n=25) (n=27)

IL-10 median(IQR) 4.42(2.18-7.65) 4.45(3.2-7.48) 4.39(1.69-8.39)  0.3791

IL-6 — interleukin 6; IL-10 — interleukin 10; total — results for the whole sample
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4.1.4 Effects of dexmedetomidine on length of stay in ICU

There was no significant difference in LOS in ICU between the two groups

3(2-4) vs. 3(2-4) days, p = 0.33 (Table 4.4). Fewer patients (48%) in the dexmedetomidine
group stayed in ICU for 3 days of fewer, compared with the placebo group (56%). The
maximum number of days in ICU was 28 and 15 in the dexmedetomidine and placebo groups,

respectively.

4.1.5 Effects of dexmedetomidine on hospital stay

Patients who received dexmedetomidine stayed in hospital for longer. The difference in
hospital stay was statistically significant: 8(7—11) vs. 8(6—10), p = 0.044, dexmedetomidine
and placebo respectively (Table 4.4). One patient in the placebo group stayed in hospital for
99 days. This long hospital stay was attributed to complications of sepsis. Exclusion of this
patient from the analysis yielded an even stronger evidence of longer hospitalisation in those

who received dexmedetomidine (p = 0.025).

Table 4.4: Length of stay in ICU and hospital

Group median (IQR) min — max p value
*ICU stay (days)

Dexmedetomidine (n=44) 3(2-4) 0-28

Placebo (n=44) 3(2-4) 0-15 0.3319

Hospital stay (days)

Dexmedetomidine (n=44) 8(7-11) 0-45
Placebo (n=44) 8(6-10) 0-99 0.0439

*Two patients died on the table, one each from the dexmedetomidine and placebo groups prior to ICU admission.

With consultation with the cardiothoracic team in the institution, a decision was made that
normal hospital stay is approximately 6 days post CABG surgery. Categorising hospital stay
into “normal stay = 6 days" and “long stay > 6 days”, showed that more patients in the
placebo group (31%) had a ‘normal stay” compared with 9% of patients in the

dexmedetomidine group. Importantly, we included LOS ICU in the calculation of overall
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length of hospital stay. It is therefore possible that in some cases this time (hospital LOS < 6
days) could have been spent in ICU. Eight patients in the whole study group stayed in hospital

for more than 15 days.

To exclude the effects of renal dysfunction as a cause for prolonged hospital stay in patients
receiving dexmedetomidine, a subanalysis was performed. Those patients in the
dexmedetomidine group that developed acute kidney injury (AKI) as per the kidney disease
improving global outcomes (KDIGO) criteria, stayed in hospital for 8.5(7.5-15) days
compared with those who didn’t, 8.5(7-11) days, p=0.2119.

4.1.6 Effects of dexmedetomidine on 30-day and 1-year mortality
Four patients died within 30-days, in addition to those who died on the operating table. Three
patients 3(7%) were in the dexmedetomidine group and 1(2%) patient was in the placebo

group. The difference was not statistically significant (p =0.31).

Eighty-six patients were followed up for an analysis of 1-year mortality. A total of 9 patients
died (mortality rate of 10%). Of the 9 patients, 5(11%) were in the intervention group and the
other 4(9%) were in the placebo group. The probability of mortality at 30 days and in 1 year
was not different (RRR 3; 95% CI 0.3, 27.76; p = 0.1263) and (RRR 1.25; 95% CI 0.36, 4.35;
p = 0.38) respectively. The current study was powered for cTn outcome and therefore the

mortality analysis is underpowered.

4.1.7 Effects of dexmedetomidine on adverse events
This analysis excludes the four patients that died. In total, 13% of patients had adverse events
(any untoward events in the patients during the drug trial leading to prolonged length of stay
or mortality which may not necessarily have had a causal relationship with this intervention)
(Table 4.5). Six patients (7%) patients were placed on extracorporeal/mechanical
haemodynamic support (intra-aortic balloon pump or extracorporeal membrane oxygenator)
in the perioperative period and the majority (4 out of 6 patients) were in the dexmedetomidine
group. The difference was not statistically significant (p = 0.398).
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AKI, defined as an increase in serum creatinine by 0.3 mg/dl or more within 48 hours, as per
the KDIGO clinical practice guidelines/criteria, occurred in 16(22.9%) patients. The rate of
AKI between those who received dexmedetomidine and placebo was not significantly
different (23.5% vs. 22.2%, p = 0.918 respectively). Eleven patients were found to be in stage
1, four in stage 2, and one in stage 3 of the KDIGO AKI severity classification.

Hepatic function tests were not routinely investigated. There were no reports of respiratory
infections in the perioperative period. Sepsis-related complications were related to sternal
wound and leg infections (Table 4.5). The other adverse events observed were bleeding,

wound sepsis, and overt neurological fallout.

Table 4.5: Adverse events by drug

Intervention Dexmedetomidine Placebo p value
(n=42) (n=44)

Bleeding n(%) 2(4.6) 1(24) 0.584
Sepsis n(%) 4(9.5) 3(6.8) 0.646
Neurological n(%) 1(2.4) 0(0) 0.303
*AKI n(%) 8(23.5) 8(22.2) 0.918
Mechanical support n(%) 4(8.9) 2(4.4) 0.398
Total events n(%) 19(45) 14(31) 0.09

AKI — acute kidney injury, (*Dexmedetomidine n=34 and placebo n=36)

4.2  Reliability of data

The post-hoc estimated power for a mean difference of 52.5 ng/L change in hs-cTnT for a
sample size of 81 and a two-sided o of 0.05 was 62%. Based on this difference an estimated
optimal sample size of over 122 with at least 62 patients in each group would show a power
of 80% and a two-sided a of 0.05 for hs-cTnT. Similarly, the outcome on hospital stay was
underpowered and would have needed an estimated sample size of 183 patients with 92 per

group for a power of 80% and a two-sided o of 0.05.
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The optimal sample size based on the event rate for 30-day mortality of 2% in the placebo
group and 7% in the dexmedetomidine group (difference of 5%), would have needed 269
patients in each group to obtain a power of 80% and a two-sided a of 0.05. For a reduction in
event rate of 1-year mortality with a power of 80% and a two-sided o of 0.05 given a
difference of 2% (9% placebo and 11% dexmedetomidine) in this study, an estimated total
sample size of 7053 patients with an estimated 3527 patients per group would have been

needed.

4.3 Discussion

4.3.1 Dexmedetomidine and ischaemic marker hs-¢cTnT

The present study, unlike previous studies, made use of hs-cTnT to assess the extent of
myocardial injury in patients undergoing CABG surgery. This biomarker has been shown to
be more sensitive in the diagnosis of ischaemia than conventional ¢cTn assays used in other
studies (221). There was a statistically significant increase in hs-cTnT at 24 hours postsurgery
compared with the level at baseline in the whole group of this current study. However, there
were no significant differences between the dexmedetomidine and placebo groups (difference
in means of 52.5 ng/L). Despite the sensitivity of the biomarker used, the difference was not
statistically significant. Similar findings were seen in previous studies that used conventional

cTn (14, 106, 178).

The possibility of the result being influenced by the small sample size should be born in mind
as this study was shown to be underpowered at 62% in a post-hoc power estimation. As there
are no reports on the effects of dexmedetomidine on hs-cTnT in CABG surgery, this study
serves as a benchmark from which future studies can be built. A larger sample size estimated
to be over 122 with at least 62 patients in each group for a power of 80% and a two-sided o of
0.05 would yield more reliable results. Previous studies using conventional ¢Tn were also

small. This warrants a meta-analysis.
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Bulow et al. (106), using mini-CPB with no confounding anaesthetic agents, did not find
significant differences in ischaemic markers between their dexmedetomidine and placebo
groups using cTnl. Apart from the use of mini-CPB, their study method was similar to our
study. Similarly, Ren et al. (166) found no difference in the increase in ¢Tnl levels in OPCAB
patients between groups at 24 hours. Of the types of coronary artery bypass graft surgery, full
CPB is expected to lead to raised cTn levels compared with mini-CPB and OPCAB.

Similarly, two studies by Kundra ef al. (222, 223); one on patients with normal coronary
vessels and the other on patients with CAD, using cTnT, found no difference in outcomes.
During cardiac catheterisation, they measured levels of cTnT at 6, 12 and 24 hours post
procedure. They showed no difference in cTnT at all measurement points between the
dexmedetomidine and placebo groups, in both normal and CAD patients. They, however,
confirmed evidence of epicardial coronary arterial vasoconstriction as previously reported in a

preclinical study by Roekaerts et al. (161).

Of note is that, in the study by Kundra et al. (223), dexmedetomidine was used without the
addition of any anaesthetic agent that has the potential of cardioprotection — similar to this
current study, as these drugs tend to confound the results when used together with
dexmedetomidine (31, 177, 180, 224). Furthermore, Kim et al. (178) did not find attenuation
of ischaemic markers when dexmedetomidine was compared with lignocaine in cardiac
surgery. They had tested the effects of dexmedetomidine compared with lignocaine and
lignocaine-dexmedetomidine. They found significant attenuation of ischaemic markers with

lignocaine and lignocaine-dexmedetomidine but not with dexmedetomidine on its own.

The addition of a cardioprotective and/or anti-inflammatory agent in the treatment regimen
may have an influence on the effects of dexmedetomidine on ischaemic markers. Riha et al.
(181) added ketamine to dexmedetomidine in their study and compared these two drugs with
sufentanil-sevoflurane. They found significant decreases in the levels of ¢cTnl and CKMB in

the ketamine-dexmedetomidine combination.
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In another study by Chi et al (177), morphine was added as premedication in the
dexmedetomidine and placebo groups with no resultant difference in ischaemic markers

between groups. Morphine is also known for its cardioprotective effects (3).

Sevoflurane was added on both arms of trials by Chen et al. (15) and Tosun et al. (11, 180)
when comparing dexmedetomidine with placebo, with inconclusive results. Sevoflurane is
known for its effects in enhancing myocardial preconditioning (75, 145, 146). The conduct of
anaesthesia in the above-mentioned two studies was similar apart from the addition of

dexamethasone as an adjunct to Tosun et al.’s (180) anaesthetic regimen.

Tosun et al. (180) found no difference in ischaemic markers in contrast to Chen et al. (15),
who found a reduction in ischaemic markers in the dexmedetomidine group with the addition
of sevoflurane only and no additional anti-inflammatory agent. The question, therefore, is
whether addition of dexamethasone, a stress hormone with anti-inflammatory and
immunosuppressive effects, may have had enough influence to result in a different outcome
compared to the findings of the study by Chen et al. (15). This addition of dexamethasone on
both arms of the trial by Tosun et al. (180) may have confounded the effects of

dexmedetomidine, which is postulated to also have anti-inflammatory effects.

The ischaemic marker measurement time-points used differ from study to study, making
comparison difficult. Several RCTs investigated the effects of dexmedetomidine in CABG
surgery by employing kinetic measurement of ischaemic markers (106, 177, 180). The kinetic
measurements from these RCTs present non-uniform data with inconclusive interpretation. In
agreement with our study, these studies using kinetic analysis, found no difference in

ischaemic markers at the 24-hour measurement point (106, 177, 180).

Fellahi et al. (114, 117) showed that prediction of outcome with a single 24-hour troponin
measurement provided an accurate enough analysis without the complexity of performing and
interpreting kinetic or integrated area under the curve analysis. Testing at earlier time periods

post-CPB could also be subject to interference by haemodynamic, metabolic and elimination
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disturbances (45). It is for this reason that in this current study we chose to measure troponin

levels 24 hours post CPB.

In analysing studies that investigated the effects of dexmedetomidine on ischaemic markers,
one has to interrogate the different dosing regimen used. While some used clinically
recommended dose titration methods, others used fixed doses. Some studies looked a high
dose whilst others looked at low doses (177). Their outcomes seem different depending on the
dose regimen used. This is reflected clearly in preclinical and clinical studies (159, 177) that

specifically looked at this matter.

A statistically significant difference in troponin levels at 48 hours was found by Chi et al.
(177) with the “high” dexmedetomidine regimen. Okada et al. (159) also showed that a dose
equivalent to 2.3 ng/ml achieved significantly better outcomes than a lower dose of

0.23 ng/ml. These two studies used the fixed-dose infusion method. Our study used
recommended clinical doses of 0.3-0.7 pg/kg/hr titrated to effect and did not find favourable
results. Therefore, it is unclear whether some benefit could have been derived from using a

higher fixed regimen.

Several other studies showed that a dosing method similar to the current study did not yield
significant differences in ischaemic markers (106, 178, 180). This dosing method is one used
in normal clinical practice. A study by Jones ef al. (225), in an ICU setting, showed that the
effects of dexmedetomidine at doses above 0.7 pg/kg/hr did not increase benefit. The limiting

factor is also the effects of dexmedetomidine on heart rate and blood pressure (99).

Of importance, also, is the timing of drug commencement and discontinuation in relation to
ischaemia-reperfusion. To explore this issue, a preclinical study by Mimuro et al. (160)
highlighted this effect on area of infarct. When testing for the effects of dexmedetomidine on
global ischaemia, they looked at the impact of administering dexmedetomidine post the
ischaemia-reperfusion period. This phenomenon is similar to that experienced by patients

during CPB. In their study, dexmedetomidine worsened infarct size when compared with
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control. In the current study, dexmedetomidine was administered continuously from induction

until arrival in ICU. We did not explore how this may have affected outcome.

It has been shown that dexmedetomidine vasoconstricts epicardial vessels (190, 223).
Preclinical studies used 30-minute intervals of ischaemia to confer preconditioning. In clinical
trials, including the current study, the initiation and discontinuation points differed (99, 106,
170, 177, 180, 181). It has not been shown if differences in initiation and discontinuation

points influenced outcomes.

Talke et al. (164) with vascular patients at high risk of CAD, administered dexmedetomidine
for 48-hours postsurgery. Apart from better haemodynamic parameters within the
dexmedetomidine groups, they found no difference in ischaemic markers when compared
with placebo. Their postoperative patient management was in stark contrast to the standard
postoperative treatment of cardiac and vascular patients in clinical practice. With the advent
of fast-track cardiac surgery, it would be difficult to incorporate this in clinical practice (226).
They found no differences between the groups in postoperative major adverse cardiac events,

despite this practice.

Patients who undergo CPB-supported CABG surgery experience ischaemia-reperfusion, and a
heightened level of inflammatory response. OPCAB patients are different in this regard when
compared with CPB patients. This is also true for patients undergoing noncardiac surgery. A
meta-analysis by Biccard et al.(10) found no significant reduction in myocardial ischaemia

with dexmedetomidine in noncardiac surgery, however it was underpowered.

OPCAB studies show very conflicting results. Ren et al. (166) found a statistically significant
decrease in markers at 12 hours postsurgery, but found no difference at 24, 48 and 72 hours
postsurgery in their OPCAB cohort. The attenuation of troponin and CKMB at 12 hours did
not translate into better clinical outcomes. On the contrary, Chi et al. (177) found a significant
difference in 48-hour ischaemic-marker level postsurgery in their OPCAB cases. They also

found an unexplained statistically significantly prolonged intubation and LOS in ICU in the
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dexmedetomidine group. OPCAB surgery involves intense haemodynamic changes due to
positioning of the heart, affecting multiorgan perfusion. These events could have an impact on

the pharmacodynamics and kinetics of dexmedetomidine.

CPB studies do not seem to provide conclusive evidence on the effects of dexmedetomidine
towards ischaemic markers. This is shown in the different results obtained by Tosun et al.
(170, 180) and Chen et al. (90). Tosun’s group (89), found no differences in CKMB, c¢Tnl and
NT-proBNP levels for all measurement intervals whereas Chen and colleagues (90) found a
2-fold decrease in enzymes at 2 hours, and a 1.6-fold decrease in enzymes at 24 hours post
cross-clamping. The differences in these two studies are difficult to explain from an

anaesthetic point of view.

Addition of lignocaine, ketamine and dexamethasone was shown to affect outcome (178).
This current study may therefore be a confirmation of the study by Bulow et al. (106, 227,
228) in that dexmedetomidine, in the absence of cardioprotective anaesthetic agents and in

patients on CPB, does not attenuate the increase in ischaemic markers.

4.3.2 Dexmedetomidine and inflammatory markers

The present study found no difference in IL-6 and IL-10 at 24 hours post induction in CABG
surgery patients in either the dexmedetomidine or the placebo group. The preoperative IL-6
and IL-10 results could not be analysed as for most patients they were below the range for the

reagent used.

The results of this current study are similar to those found by Farsad et al. (172). In 61
patients randomised to dexmedetomidine and placebo, they found no difference in the levels

of IL-6 or IL-10. Of concern is that they found an increase in TNF-a in the dexmedetomidine

group.
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Ueki et al. (171), on the other hand, found no difference in TNF-a and CRP levels at 24 hours
post CPB. Riha et al. (181), while comparing ketamine-dexmedetomidine with sufentanil-
sevoflurane, found a reduction in IL-6 levels postoperatively in the ketamine-
dexmedetomidine group. One cannot conclude that the effects were solely due to
dexmedetomidine use in this case. Ketamine has been shown to have significant anti-

inflammatory effects on its own (183).

The interleukin results in the current study are presented as levels at a single time point (24
hours post operation). Numerous studies presented their results as a rate of increase in
interleukins level, and mean differences between two time periods (106, 171). Studies using
this method found a significant difference in the rate of increase of pro-inflammatory marker
IL-6 at 24 hours postoperatively (106, 171). They also reported a significant reduction in

TNF-a and an increase in 1L-10.

Although Ji ef al. (14), in their retrospective study, found favourable results for
dexmedetomidine, the groups they compared had statistically significant heterogeneity. The
preoperative clinical and perioperative factors that were significantly different in their groups
had the potential to influence the results on their own. These factors were congestive cardiac
failure (CCF), perioperative MI, CPB time, diabetes and EF (185, 187, 229). They used
propensity score matching (PSM) to balance the two groups.

King and Nielsen (230), however, made a strong case against PSM. In their own words:
“PSM, as it is most commonly used in practice (or with many of the refinements that have
been proposed), increases imbalance, inefficiency, model dependence, research discretion,
and statistical bias at some point in both real data and in data generated to meet the
requirements of PSM theory. In fact, the more balanced the data, or the more balanced it
becomes by pruning some observations through matching, the more likely PSM will degrade
inferences — a problem we refer to as the PSM paradox. If one’s data are so imbalanced that
making valid causal inferences from it without heavy modelling assumptions is impossible,
then the paradox we identify is avoidable and PSM will reduce imbalance but then the data

are then not very useful for causal inference by any method."
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A meta-analysis of the effects of dexmedetomidine on inflammatory markers clarified the
controversy of differences in methodology by subgroups analysis according to type of
surgery; length of surgery; dose of dexmedetomidine; length of anaesthesia; and timing of
dexmedetomidine administration (169). The subgroup analysis found no difference in mean
difference in changes in interleukin levels from baseline. In particular, a subanalysis of 4
studies included in the cardiac surgery group showed no difference in inflammatory marker

mean difference. There was, however, significant heterogeneity in the studies included.

These results confirm the findings of this current study: dexmedetomidine does not appear to

modulate the inflammatory response during cardiac surgery.

4.3.3 Dexmedetomidine and ICU stay

In the current study we found no difference in length of ICU stay between the
dexmedetomidine and placebo groups. The effects of dexmedetomidine on LOS in ICU were
reported in days and not in hours. This might be a shortcoming of this current study as it is

difficult to compare ICU stay in this way with most other studies in the literature.

In the setting of the current study, the LOS (measured in number of hours) in ICU was
difficult to work out as there were numerous factors affecting the transit time of patients from
ICU to the ward. Often, it could be hours before a patient is physically transferred to the ward
due to difficulties with physical bed availability in the receiving ward. The patient would still
be transferred on the same day but not immediately after a discharge was ordered. Most of the
studies that report on ICU stay have looked at hours instead of days. The difference between
this current study and previous studies may have been influenced by our measurement of LOS
in ICU in days rather than hours and this should be taken into consideration when

comparisons are made.

However, our results are consistent with a study by Bulow ef al. (106), where no significant
difference in ICU stay in days was found between their TIVA and TIVA-dexmedetomidine
groups. Bulow et al. (106) also conducted their study in tandem with this current study by not
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adding cardioprotective and anti-inflammatory anaesthetic agents in their anaesthetic
methods. Similarly, a study by Kim et al. (178) comparing dexmedetomidine and lignocaine,

also found no difference in ICU stay in days between groups.

Neither did three studies that recorded ICU stay in hours find a significant difference in ICU
stay post cardiac surgery (181, 231, 232). Contrary to these studies, Chi et al. (177) found a
significant increase in ICU stay in hours in their “high” dose dexmedetomidine group. This
“high” dose is in fact within the recommended anaesthetic dose. Cheng et al. (188), in a
single-centre retrospective review of 505 cardiac patients on CPB, found that
dexmedetomidine statistically significantly increased ICU stay when compared with those

that did not receive dexmedetomidine perioperatively.

Studies by Ji et al. (14, 233) and Pasin et al. (231) found an association between
dexmedetomidine use and a significant reduction in ICU stay. There was, however significant
heterogeneity in the analysis reported in the study by Pasin ef al. (233) and the issues with Ji
et al.’s study have been alluded to above.

ICU studies investigating sedative effects of dexmedetomidine on outcomes are difficult to
interpret. Although many reported a comparison between dexmedetomidine and placebo,
there were other sedative and analgesic agents used that were not accounted for. These agents
influence outcomes on length of intubation and ICU stay, and therefore should be considered
to have an impact on outcome. Postsurgical, intubated and ventilated patients need both
sedation and analgesia in ICU. Often the regimens used include morphine or morphine

equivalents as analgesics.

A case in point is a study by Khalil et al. (234) which showed a significant reduction in the
length of ICU stay (in hours) in the dexmedetomidine group. This study, however, reported a
significant increase in the total dose of fentanyl and propofol in the non-dexmedetomidine

group. Fentanyl has a prolonged context-sensitive half-time, making its effects long acting
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when given as an infusion (235). This could therefore explain the increase in ICU LOS in

patients that were classified as having placebo.

Maldonado et al. (231), investigating delirium as a primary outcome between
dexmedetomidine, midazolam and propofol as comparators, found an increase in the dose of
morphine equivalents in the non-dexmedetomidine groups. Herr et al. (236) also found a
4-fold increase in the mean dose of morphine in their propofol group when compared with
dexmedetomidine. Morphine is known for its long-acting effects, and the effects of its active
metabolites (3). With the exclusion of alfentanil and remifentanil, opioid agents are known to
have prolonged respiratory depressant effects resulting in prolonged ventilation and

subsequent prolonged LOS in ICU (235).

The sedation and analgesia protocols used by different intensive care units have an impact on
measured outcomes. A defining study about this was done by Chorney et al. (226). In their
unit, they used fast-tracking as their extubation protocol. Fast-tracking means that they used
multimodal analgesia to reduce opioid use and its resultant respiratory depressant effects to

facilitate shorter intubation times.

They found no significant difference in LOS in ICU in their comparison of the group that
received dexmedetomidine and the one subjected to fast-tracking. Additionally, they found a
significant increase in the amounts of morphine used in the dexmedetomidine group on the 1
postoperative day. A higher proportion of patients in the non-dexmedetomidine group
ambulated in the first 24 hours compared with the dexmedetomidine group. They also found
significant use of acetaminophen use in the dexmedetomidine group on the 2" postoperative

day.

These findings by Chorney et al. (226) are supported by a study by Park ez al. (237) who used
remifentanil as a dexmedetomidine sedative comparator, and found no difference in length of

ICU stay, hospital stay and complication rate. This report is of importance as the drugs have
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competitive pharmacokinetic profiles. Remifentanil has a short context-sensitive half-time

making it an ideal comparator for dexmedetomidine (235).

Several other studies comparing the effects of dexmedetomidine with placebo or other non-
analgesic agents in ICU reported the beneficial effects of dexmedetomidine in as far as time
to extubation, ICU and hospital LOS are concerned (233, 234, 236, 238, 239). These studies
failed to take into consideration the effects of opioid analgesics. They compared a drug that is
known to have analgesic and sedative effects, reduced respiratory depressive effects and
leading to reduction in morphine use, with nonanalgesic drugs. Significantly larger doses of

morphine equivalents were used (233, 234, 236, 238, 239).

Khalil et al. (234) showed significantly lower total morphine and fentanyl use and better
outcomes in patients receiving dexmedetomidine sedation in ICU. Herr ef al. (236) showed a
4-fold increase in morphine use in their propofol comparator group compared with

dexmedetomidine.

In three meta-analyses by Pasin et al. (233), Geng et al. (239), and Tan et al. (238), a similar
pattern was followed whereby dexmedetomidine was seen to significantly reduce ICU LOS
while the comparators were morphine, propofol, midazolam, haloperidol and placebo. Studies
using a comparative analgesic sedative such as remifentanil were not included in these meta-
analyses. All three of these meta-analyses reported significant heterogeneity of the pooled
data sets in their analysis. Geng et al. (239) reported 12= 93%, Pasin et al. (233) I?’= 93% and
Tan et al. (238) I = 75%. Studies in Pasin et al. (233) and Tan et al. (238) were not cardiac

surgery studies.

In Pasin et al. (233), a significant number of patients in the non-dexmedetomidine groups
required rescue analgesic treatment with no difference in requirements for rescue sedative
agents. Although Park ef al. (237) found no difference in extubation time, ICU stay and
hospital stay when dexmedetomidine was compared with a short-acting sedative-analgesic

opioid remifentanil, they found the incidence of delirium to be lower with dexmedetomidine.
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Delirium was, however, shown in Maldonado et al.’s study (231) as the cause for longer ICU
and hospital stay when dexmedetomidine was compared with midazolam and propofol.
Midazolam and propofol have no analgesic effects, and morphine was therefore used as an

analgesic supplement in that study.

Administration of dexmedetomidine in this current study did continue into the ICU period for
some patients. The effects therefore are those of dexmedetomidine as an adjunct to
anaesthesia and contributor to sedation, particularly considering its prolonged context-
sensitive half-life. This study therefore concurs with similar studies that found no difference

in outcome (181, 232).

4.3.4 Dexmedetomidine and hospital stay

In this study, patients who received dexmedetomidine had a longer hospital LOS. The
difference was statistically significant. The number of days in hospital included the number of
days in the ICU and in the ward. Duration of stay in both ICU and hospital were found to be
clinically associated (240). The causes of prolonged ICU stay were found to contribute to
length of hospital stay (240). The theory is supported by a multicentre study by Kramer et al.
(241), where they showed correlation between the two parameters and also showed common

causal factors in both groups.

In this current study, one data entry in the placebo group was classified as an outlier, as this
hospital stay was an unexpected 99 days. An even more significant increase in LOS in
hospital was seen in the dexmedetomidine group when this data entry was excluded from the
analysis. This outcome cannot be explained by comparison of patient baseline and

intraoperative characteristics, however, as the said patient had adverse events due to sepsis.

This result is not unprecedented, as there have been sporadic reports of an association
between dexmedetomidine and prolonged LOS. Chi et al. (177) found a significant increase
in hours on the ventilator and in ICU LOS in their dexmedetomidine group. Cheng et al.

(188) showed a prolonged ICU LOS in the dexmedetomidine group. Using the argument by
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Williams et al. (240) that hospital and ICU stay have common causal factors, one could say
the LOS in ICU would affect LOS in hospital. On the contrary, pooled data from 4 studies in
a meta-analysis by Geng et al. (239), showed no statistical difference in hospital stay with the

use of dexmedetomidine.

The method of dexmedetomidine administration in this current study was as an adjunct to
anaesthesia. The anaesthetic protocol for the two arms was standardised and similar. No
dexmedetomidine was prescribed in ICU. This was adhered to as the hospital did not have
dexmedetomidine available in their pharmacy and on ICU premises. The patients therefore

received the same drugs in ICU.

In the ICU setting of this current study, fast-track extubation was not practiced. Fast-tracking
necessitates the unit to have an armamentarium of agents with sedative and analgesic effects
that allow for early extubation (226). Sedation and pain management often go hand in hand as
most of the analgesic agents have both effects (235). Morphine is one such drug (235).
Morphine, midazolam and perfalgan (intravenous paracetamol) were used in the ICU setting
of this current study. The analgesic-sedative regimen included a very short-acting opioid
remifentanil. Remifentanil is known to cause rebound pain (242). In such cases morphine, as
part of the regimen, would be introduced gradually towards the intended time of tracheal

extubation (242). Morphine is long-acting and has active long-acting metabolites (242).

Contrary to this current study, Brandao et al. (243) found a significant reduction in hospital
stay in their dexmedetomidine group, while their placebo group had significantly higher Euro-
scores, age and CPB time. Ji et al (14) also found similar results, similarly in non-
homogenous groups. The increased LOS in hospital in this current study cannot be explained
by the rate of adverse events. There was no significant difference in this rate when the two
groups were compared. The baseline characteristics of the patients were also similar. The
patients in this current study received a combination of morphine, perfalgan, remifentanil,

midazolam and propofol in ICU as part of their sedation-analgesia regimen.
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A subsequent simultaneous quantile regression analysis, which is reported on later in this
current study to further explore this effect, showed a significant association between
dexmedetomidine use and LOS in hospital in the first 7 days. Since the LOS in hospital was
inclusive of ICU LOS, and the mean ICU LOS was 3.8(3.3) days, it is possible that this

statistic is somewhat reflective of the time spent in ICU.

In this current study, ICU sedation and analgesia practices were not protocol-driven. These
drugs have different half-lives. Dexmedetomidine has a relatively long context half-life (250
min after an 8-hour infusion) when compared with propofol and remifentanil (244). This
current study is therefore reporting findings similar to those by Cheng et al. (188) and Chi et
al. (177) and are in agreement with their finding of an inexplicable significant increase in ICU

LOS in the dexmedetomidine group.

4.3.5 Dexmedetomidine and mortality

Four patients died in a 30-day period, postoperatively. Three patients (7%) were in the
dexmedetomidine group and one (2%) patient in the placebo group. The difference was not
statistically significant. Of the 90 patients, 9 (10%) patients had died at 1-year postsurgery.
Five patients (11%) were in the dexmedetomidine group while four patients (9%) were in the
placebo group. The relative risk ratio for both 30-day and 1-year mortality was not

statistically significantly different.

In two separate randomised, controlled trials, Kim ef al. (178) and Riha ef al. (181) found no
difference in 30-day mortality between their dexmedetomidine and comparator groups.
Although they found significant differences in enzyme concentrations between their
lignocaine-dexmedetomidine and control groups, Kim et al. (178) found no translation into

clinical benefit: postoperative length of hospital stay; complications; 1-year mortality rates.

The results of this current study are similar to the results of Talke et al. (164), in their high-
risk vascular patients, where they found no difference in mortality between the

dexmedetomidine and placebo groups. They had a very low 30-day mortality (3/90 patients)
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in their study; similar to this current study. Although underpowered to make conclusive
assumptions, a meta-analysis by Biccard et al. (10), a subanalysis on mortality outcomes

showed no significant difference between the dexmedetomidine and placebo groups.

On the contrary, Ji et al. (14) reported an association with significant reduction in in-hospital,
30-day and 1-year mortality rates in CABG patients who received dexmedetomidine. The
shortcoming of their study was the heterogeneity of the participant groups. Of note was that at
baseline, the patients had differences in factors that individually are known to be associated

with increases in morbidity and mortality (185, 187, 229).

This sentiment about Ji et al. (14) is shared by Xue et al. (245) who, in a letter to the editor of
a journal, also voiced these concerns. They pointed out the significant differences in
preoperative and perioperative characteristics of the two groups (245). A similar issue was
observed in a study by Brandao et al. (243) where a significant reduction in 30-day mortality
was seen in the dexmedetomidine group. Their control group had significantly longer CPB
time, higher Euro-score, older age and longer ICU stay. These factors have been shown to be

associated with increases in morbidity and mortality (246, 247).

Neither did a meta-analysis by Wijeysundera et al. (124) find a significant reduction in
mortality with other a-2 agonists. The evidence, therefore, of reduced short-term mortality
when dexmedetomidine is used perioperatively, is poor and unreliable. This current study,
with the concession that it’s underpowered, gives a signal which is in agreement with the

studies that have reported lack of benefit in this regard.

4.3.6 Dexmedetomidine and adverse outcomes

In total, 6 of our 90 patients had intra-aortic balloon pump (IABP) support in the perioperative
period and 4 of these were in the dexmedetomidine group. One patient in the placebo group
was supported with an extracorporeal membrane oxygenator (ECMO) device. The difference
was not statistically significant (p = 0.398). The reported adverse events excluding those of

low cardiac output were bleeding, wound sepsis and neurological fallout. The difference in
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the total rate of adverse events (17% vs 9%) between the dexmedetomidine and placebo

groups, respectively, was not statistically significant (p = 0.701).

Wagner et al. (248) conducted a literature review to define the multisystem adverse events of
perioperative dexmedetomidine use. Outside of the known haemodynamic effects, they found
no reports of other systemic events. Jones et al. (225) showed that increasing the dose of
dexmedetomidine to above 0.7 pg/kg/h did not increase the risk of adverse events nor lead to
improvement in sedation scores. This current study, similar to the literature on this subject,

did not find a relationship between dexmedetomidine administration and kidney injury.

4.4 Conclusions and recommendations

Although not a subject of analysis in this current study, the evidence from clinical trials show
a significant reduction in noradrenaline associated with dexmedetomidine. There is also
evidence showing the maintenance of good haemodynamic conditions due to
dexmedetomidine during cardiac surgery (99, 249). The evidence for attenuation of ischaemic

markers in CABG surgery is, however, inconclusive.

Of concern is the issue of coronary vasoconstriction. Although this is postulated to confer
preconditioning, methods of administration of dexmedetomidine in cardiac surgery differ.
Administration time from induction through to aortic cross-clamping during vessel-harvesting
can range from 30 to 120 minutes. This scenario means continuous vasoconstriction for
prolonged periods in already diseased coronary vessels and a myocardium that is already
compromised. This is in contrast to the initial preclinical studies that first alluded to the
benefit of preconditioning (161). They induced this vasoconstriction in a controlled manner,

at 25 to 30-minute periods with subsequent reperfusion.

It is clear from RCTs that, even when some benefit in ischaemic markers was seen, it did not
translate to better clinical outcomes. What this lengthy period of vasoconstriction means to
the compromised myocardial needs to be investigated further. It is evident in the studies that

found an attenuation of ischaemic markers perioperatively, that this did not translate to better
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clinical outcomes (166, 170). This is evidenced by the lack of improvement in LOS in
hospital and ICU, and reduced mortality. The limitation in these studies was that they were

inadequately powered.

ICU studies have not provided answers either. Their comparison to placebo has often been
accompanied by increased doses of morphine or morphine equivalents (234, 236). Studies that
took these into consideration have not found an added advantage in LOS in ICU and hospital
when using dexmedetomidine (226, 237). What has been evident, is the beneficial effect of
using dexmedetomidine in reducing delirium and its consequences in postoperative ICU

patients (237).

Dexmedetomidine has consistently been shown to slow the heart rate and lead to lower blood
pressures intraoperatively (10, 124). The slow heart rate caused by dexmedetomidine, while
maintaining the diameter of intracardiac and endocardial vessels, improves oxygen delivery to

the heart (223).

The superiority of other cardioprotective agents such as lignocaine, ketamine and volatile
agents in attenuation of ischaemic markers has been noted (145, 178, 181). The lack of benefit

in outcomes with the introduction of morphine and dexamethasone is also evident (177, 180).

In anaesthesia practice, there is a concept called “multimodal analgesia”. Perhaps
“multimodal cardioprotection” is the right way to approach myocardial protection, as no
single drug has “magic drug” properties. Dexmedetomidine seemed to fare better in the

company of other cardioprotective agents (178, 181).

In this current study, “unassisted” dexmedetomidine, similar to the study by Bulow et al.
(106), did not show any benefit in attenuating the rise in biochemical markers. It was
however, found to be associated with prolonged hospital stay in this current study. This

prolongation in hospital stay is not explicable by other factors. The issue of its prolonged
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context-sensitive half-life, and possible negative effect on TNF-a, could be some of the

reasons that need further exploration as reflected in other studies (177, 188).

The conclusion is therefore that there was no evidence that “unassisted” dexmedetomidine
confers cardioprotection in CABG surgery by attenuation of the increase in ischaemic
markers. This is despite evidence from animal studies that showed a reduction in infarct size
(161). This current study, and previous studies have been underpowered to determine the
effects of dexmedetomidine on outcomes conclusively. The results therefore cannot be used

to generalise as they are unreliable.

The current study used change in high sensitive biomarker (hs-cTnT) as a surrogate for
myocardial protection. We were however not able to find a significant difference in this
outcome. The difference in other length of hospitalisation should be interpreted with caution
considering the small sample size. The major limitation of all work so far, including of trials

reviewed in this thesis, is of inadequate power.

A meta-analysis could be one way of overcoming this limitation. Alternatively, a large
multicentre RCT, looking at the effects of dexmedetomidine on outcomes in CABG, is
warranted. This adequately powered trial should address, among others, the timing of drug
administration, dosing regimen and type of support in CABG surgery may provide more

conclusive answers.

4.5  Limitations

The small sample size was a limitation in analysing the data, this was exacerbated by financial
constraints. ICU-related logistical problems also contributed in delayed surgical intervention
and delayed transfer of patients to the receiving ward. Lack of a sedation-analgesic protocol
also made it difficult to make a clearer assessment of possible confounding problems to the

outcomes of the study.
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Postoperative CRP and NT-proBNP could have been added in the investigation of this current
study. As an inflammatory marker and a biomarker of cardiac function, these two seem to be
gaining ground in trials that investigate multi-biomarker use as prognostication tools for
postoperative outcomes (250). They could, however, not be evaluated due to budget
constraints. The change in these markers over time would also have been of clinical value as
is shown in the vascular literature (251). Drug concentration levels to investigate the mean
level of drug between the two groups that could be associated with a difference in outcome

are a factor that needs investigating. This too was limited by financial constraints.
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CHAPTER 5 : CORRELATION BETWEEN DEXMEDETOMIDINE,
BIOMARKERS AND CLINICAL VARIABLES

5.1 Introduction

In this chapter, a correlation analysis is used to assess possible relationships between
dexmedetomidine and clinical biomarker variables and to describe the strength and direction
thereof. Evidence is increasing in trials that investigate use of multi-biomarkers as
prognostication tools for postoperative outcomes (250). This investigation is therefore
important in further assessing the relationship between biomarkers, perioperative

dexmedetomidine administration in cardiac surgery and clinical outcomes.

5.1.1 Relationship between variables
A Spearman pairwise correlation test was used to determine the relationship between

variables (Table 5.1). The following variables had a statistically significant correlation:

5.1.1.1 Perioperative dexmedetomidine
Dexmedetomidine administration had a statistically significant correlation with length of

hospitalisation, (r = 0.2164, p = 0.0417).

5.1.1.2 Length of hospitalisation
Hospital LOS had a positive correlation with adverse events (r = 0.6549, p <0.0001).

5.1.1.3 ICU length of stay
ICU LOS had an overwhelmingly significant correlation with hospital LOS and adverse
events, (r =0.6839, p<0.0001) and (r = 0.4584, p < 0.0001), respectively.

5.1.1.4 Aortic cross-clamp time
Aocx time had a statistically significant correlation with CPB time (r = 0.8200, p < 0.0001),
ICU LOS (r=0.3320, p = 0.0014), and adverse events (r = 0.2822, p = 0.0071).

5.1.1.5 Cardiopulmonary bypass time
CPB time had a strongly significant correlation with LOS ICU (r = 0.3447, p = 0.0009) and
adverse events (r = 0.2826, p = 0.0070).
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5.1.1.6 Hs-cTnT at 24 hours

Hs-cTnT at 24 hours had a significant relationship with hs-cTnT at induction (r = 0.2730, p =
0.0137), CPB time (r= 0.2468, p = 0.0264), ICU LOS (r=0.2191, p = 0.0494), and adverse
events (r = 0.2963, p = 0.0072).

Table 5.1: Correlation between dexmedetomidine administration, biomarkers and clinical

variables
\% Spearman’s rho
: N
; AE Hosp ICU CPB Aocx Trop 0 Trop24  CRP pro
b BNP
1
e
AE 1.0000
90
Hosp 0.6549*** 1.0000
89 89
ICU 0.4584* 0.6839***  1.0000
90 89 90
CPB 0.2826**  0.1301 0.3347*** 1.0000
90 89 90 90
Aocx 0.2822%*  0.1546 0.3320*%*  0.8200***  1.0000
90 89 90 90 90
Trop-0 | —0.1275 —-0.1020 0.0182 —-0.0018 0.0108 1.0000
81 80 81 81 81 81
Trop-24 | 0.2963**  0.2963 0.0838* 0.2191 0.2468*  0.2730*  1.0000
81 80 81 81 81 81 81
CRP —0.1406 0.0114 0.0226 —-0.0763 —0.0045 0.2598*  0.0813 1.0000
81 80 81 81 81 81 81 81
proBNP | 0.0092 —-0.0310 —0.1182 —0.0305 —-0.0560 0.2234*  0.1019 0.1513 1.0000
81 80 81 81 81 81 81 81 81
Dex —0.1414 —-0.2164*  —-0.1029 —-0.0416 —0.0633  0.0920 0.0132 —-0.0535 -0.1765
90 89 90 90 90 81 81 81 81

AE — adverse events, Aocx — aortic cross-clamp time; CPB — cardiopulmonary bypass time, Trop-0 — troponin

at baseline; Trop-24 — troponin at 24 hours post baseline, CRP — C-reactive protein;

NT-proBNP — N-terminal pro b-type natriuretic peptide; Dex — Dexmedetomidine; Hosp — hospital, ICU —

intensive care unit; Aocx — aortic cross-clamp, *p < 0.05, **p <0.01, ***p <0.0001
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5.1.1.7 CRP
CRP and hs-cTnT at baseline had a statistically significant relationship (r = 0.2598,
p=0.0191).

5.1.1.8 NT-proBNP
NT-proBNP and hs-cTnT at baseline had a significant correlation (r = 0.2234, p = 0.0450).

5.2 Discussion

5.2.1 Dexmedetomidine

There was a statistically significant correlation between dexmedetomidine administration and
LOS in hospital. A similar effect on ICU and hospital stay was found in a study by Patanwala
et al. (193), with a significant increase in LOS in patients who received dexmedetomidine in
ICU. Furthermore, they found an increase in hospital cost in the dexmedetomidine group
when compared with propofol. Studies that found shorter LOS in ICU and hospital, often
compared dexmedetomidine with long-acting sedatives in ICU (242). This was not the

practice in the case of this current study.

The shortcoming in their study was its retrospective nature. Due to this, they could not
account for any additional sedative used in ICU. There was also a possibility of selection bias
in allocation of their patients as the baseline characteristics in their two groups were not

similar. (193)

5.2.2 Preoperative hs-cTnT

There was a significant correlation between preoperative hs-cTnT, CRP and NT-proBNP.
Troponin is a biomarker signalling myocardial injury. The cardiac troponin subunits are most
commonly seen in myocardial infarction (45). CRP is an acute-phase protein which is an
inflammatory marker in endothelial disease and atherogenesis (252). It also acts as a mediator
in the inflammatory cascade (252). Increases in CRP were seen to correlate with infarct size

in one study (253). NT-proBNP on the other hand, is an indicator of myocardial wall tension
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and acts to modulate a multisystem response to cardiac failure and may also be secondary to

ischaemia related myocardial stretch (254).

Toss et al. (255) found a significant correlation between CRP and c¢TnT levels. These three
variables were looked at in studies that investigated a multiple biomarker system of risk
stratification (253, 256, 257). NT-proBNP and hs-cTnl levels were seen to have a correlation
with peak systolic strain and infarct size in a study by Smedsrud et al. (258). They used
speckle tracking echocardiography and late-enhancement MRI to determine the strain pattern

and infarct size.

Studies have shown a correlation between these variables (baseline hs-cTnT, 24-hour hs-¢cTnT,
CRP and NT-proBNP), individually, with adverse outcome (255, 259-262). Liu et al. (263)
showed that NT-proBNP was closely related to LOS in ICU and hospital. They found that the
NT-proBNP cut-off of point of 2773.5 pg/ml was correlated with 30-day mortality.

Our study showed a significant correlation between these three variables. The difference in
the variability of hs-cTnT can only be explained by 5%-changes in both CRP and NT-
proBNP. Clinically, patients presenting for CABG surgery often have a history of chronic
inflammatory processes evidenced by high CRP levels; myocardial ischaemia evidenced by
elevated troponins; and cardiac failure evidenced by elevated NT-proBNP. The three
variables signify potentially different but overlapping pathways in the pathophysiology of

ischaemic heart disease and its associated cardiac failure.

5.2.3 24-hour hs-¢cTnT

A statistically significant correlation was found between 24-hour hs-cTnT and preoperative
hs-cTnT, CPB time, ICU LOS and adverse events. Kocak et al. (196) found a correlation
between postoperative hs-cTnT with Aocx and CPB time. The limitation of their study was a

small sample size (n=17).
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Similar to this current study, a correlation between peak ¢Tn and CPB time, LOS in ICU and
30-day mortality was found in a study by Greenson ef al. (111) which involved 71 CABG
surgery patients. A relationship between preoperative ¢cTn and adverse postoperative outcome

has been shown in a study by Lyon et al. (261).

In a meta-analysis, Lurati Buse et al. (121) suggested that population types, cTn subunit
types, ¢cTn assays and timing of assays have an effect on ¢Tn. They further suggested that
these factors may be responsible for the difficulty in making definitive conclusions regarding

postoperative cTn. (121)

5.2.4 Aortic cross-clamp time

This current study found a positive correlation between Aocx time with CPB time, LOS in
ICU and adverse events. We included Aocx time into the total CPB time and this could be the
reason for the very strong correlation between the CPB time and Aocx time. Furthermore,
they often share the same causal factors (264). This relationship was shown in a study by
Doenst et al (264), where an increase in CPB time was shown to increase with increasing
Aocx time. Kocak et al. (196), also showed a correlation between Aocx time and CPB time.

Their study however, was very small.

Michalopoulos et al. (229), in an analysis of 652 CABG surgery patients, found a similar
significant correlation between Aocx time with LOS in ICU. Similarly, a study by Azarfarin
et al. (265), also showed a relationship between CPB time, LOS in ICU and adverse events.
Length of ventilation in ICU was also found to be correlated with Aocx time (186). The

results of this current study are consistent with these findings.

5.2.5 Cardiopulmonary bypass time

A significant correlation between CPB time with LOS in ICU and rate of adverse events was
shown in this current study. This is consistent with a previous study (265). In addition, a study
by Salis et al. (185) found that CPB time was a risk factor for postoperative mortality.
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5.2.6 ICU length of stay

In this current study, the length of stay in ICU showed a strong correlation with length of
hospitalisation, and adverse events. The relationship between ICU and hospital LOS was the
second strongest in the study, after that between CPB and Aocx time. Similar to the Aocx and
CPB data, the total number of days in hospital included the number of days in ICU. This
result shows that the increase in LOS in hospital rose in parallel with the increase in LOS in

ICU.

There is often common causality between these two factors (241). A study by Kramer et al.
(241) involving multiple ICUs, confirmed this point. They developed a model that tested the
relationship between length of ICU and LOS in hospital in individual units. They found a
correlation between ICU and hospital LOS in individual units when compared with each
other. Al-Sarraf et al. (186) also found a correlation between ventilation time in ICU and LOS

in hospital.

On the contrary, an analysis by Williams et al. (240, 266) found no relationship between ICU
and hospital LOS. The limitation of their study was that they excluded those studies that
would have made length of ICU stay an important factor in length of hospitalisation. They

did, however, find an increase in LOS in ICU to be related to postoperative mortality.

5.2.7 Length of hospitalisation

The LOS in hospital was significantly related to the rate of adverse events in this current
study. Forty-three per cent of the variance in length of hospitalisation could be explained by
the rate of adverse events. Similar to this current study, Almashrafi et al. (267) found adverse
events to be the most important determinant of postoperative LOS in ICU and hospital when

compared with other factors.

5.3  Conclusions and recommendations
This current study found a correlation between dexmedetomidine administration and
prolonged length of hospitalisation. The baseline characteristics of the study patients could

92



not explain this phenomenon. The context-sensitive half-life of dexmedetomidine compared
with other drugs we used could have played a role in this effect. A similar effect was found by
Patanwala er al. (193), and was a factor in those studies that compared dexmedetomidine with

long-acting sedatives in the ICU setting (242).

The relationship between preoperative cardiac biomarker levels and outcome measures, have
become a subject of investigations to stratify and prognosticate patients presenting for both
major vascular and cardiac surgery. Their inclusion in newly developed risk stratification and

multi-biomarker models is proof of this.

5.4  Limitations

There were no limitations in the investigation leading to the results of this chapter, however, a
postoperative CRP and NT-proBNP were not tested due to financial constraints. These two
biomarkers have been shown to be of value in the postoperative period and may have added

value in the analysis.
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CHAPTER 6 : DEXMEDETOMIDINE AS A PREDICTOR OF ADVERSE
OUTCOME

6.1 Introduction

Previous results in the current study gave a signal of adverse outcome from perioperative
dexmedetomidine administration in CABG surgery in the form of prolonged hospital stay. To
further explore whether perioperative dexmedetomidine would predict prolonged length of
stay in hospital, we used regression analysis to examine this relationship while controlling for

other clinically relevant variables.

Eighty-one observations were included in the variables used in the regression analysis. Due to
this factor, only five variables were included in each model. Variables CRP, NT-proBNP and

hs-cTnT were not normally distributed and were therefore transformed.

Two simultaneous quantile regression models, for LOS in ICU and hospital were performed.
The LOS in hospital included preoperative hs-cTnT in the first model (Model 1: hospital-stay)
and the difference between preoperative and 24-hour hs-cTnT in the second (Model 2:
hospital-stay). Thirty-day mortality was also assessed with 2 models. The independent
variables: log of hs-cTnT; log of NT-proBNP; square of CRP; age; and ejection fraction were
included in each model. These biochemical and clinical parameters were deemed important to

include in the model as they have a potential to influence outcomes.

6.1.1 ICU stay as the outcome variable
Preoperative hs-cTnT in the first model (Model 1: ICU-stay) and the 24-hour hs-cTnT in the
second (Model 2: ICU-stay), together with log of hs-cTnT, log of NT-proBNP, square of

CRP, age, and ejection fraction, yielded the following results:

LOS in ICU
» There was strong evidence that a decrease in the log of preoperative NT-proBNP was

a significant predictor of ICU stay when ICU stay was > 4 days
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(coefficient 0.45, SE 0.17, t 2.69, 95% CI1 0.79 -— 0.12, p = 0.009)
(Model 1: ICU-stay) (Table 6.1).

» An increase in aortic cross-clamp time was a significant predictor of length of ICU
stay when ICU stay was within 3—4 days
(coefficient 0.07, SE 0.01, t 2.20, 95% CI 0.002-0.0316, p = 0.031)
(Model 2: ICU-stay) (Table 6.2). The effect was very small.

6.1.2 Hospital stay as the outcome variable

The results of two simultaneous quantile regression models with relevant preoperative risk
factors and preoperative hs-cTnT (Model 1: hospital-stay) (Table 6.3) are shown. The
difference between preoperative and 24-hour hs-cTnT with relevant preoperative risk factors

are in the second model (Model 2: hospital-stay) (Table 6.4).

LOS in hospital
» Age in years significantly predicted hospital stay in the first 0 to 7 days
(coefficient 0.08, SE 0.03, t 2.44, 95% CI1 0.01-0.14, p = 0.017) when used in a model
with preoperative independent variable, log of hs-cTnT

(Model 1: hospital stay) (Table 6.3).

» The log of 24-hour postoperative hs-cTnT had a significant effect in length of
hospitalisation, when hospital stay was 0 to 7 days
(coefficient 0.5, SE 0.23, t 2.01, 95% CI 0.004-0.995, p = 0.048)
(Model 2: Hospital-stay) (Table 6.4).

» Drug (dexmedetomidine) administration also had a significant effect in hospital stay
when hospital stay was within 0 to 7 days
(coefficient 0.8, SE 0.31, t 2.58, 95% CI 0.18-1.40, p=0.012)
(Model 2: hospital-stay) (Table 6.4). This variable was the most significant in this

model.

95



Table 6.1: Simultaneous quantile regression model for LOS in ICU — Model 1

Independent variable Regression T p value R?
coefficient
Intercept 4.0 24 0.022 0.02
Preoperative hs-cTnT log 0.1 0.33 0.743 (q25)
(0-2 days)
NT-proBNP log —0.1 —0.28 0.780
CRP square 0.0 0.02 0.980
Age -0.0 -1.14 0.257
Intercept 4.9 2.97 0.004 0.03
Preoperative hs-cTnT log 0.1 0.42 0.673 (950)
(34 days)
NT-proBNP log 0.2 —0.98 0.331
CRP square 0.3 1.17 0.241
Age -0.0 -0.95 0.344
Intercept 6.0 2.40 0.019 0.04
75
Preoperative hs-cTnT log 0.2 0.41 0.685 @75)
(=5 days)
NT-proBNP log -0.5 —2.69 0.009*
CRP square 0.1 0.27 0.789
Age 0.0 0.30 0.762

(Model 1- ICU-stay) perioperative independent variables: hs-cTnT, high-sensitivity cardiac

troponin; CRP, C-reactive protein; NT-proBNP, N-terminal pro b-type natriuretic peptide, (* p

<0.05)
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Table 6.2: Simultaneous quantile regression model for LOS in ICU — Model 2

Independent variable Regression T p value R?
coefficient
Intercept 2.6 0.96 0.342 0.04
(425)
24-hour hs-cTnT log 0.1 0.45 0.655
(0-2 days)
Aortic cross-clamp time 0.0 0.84 0.405
Dexmedetomidine 0.2 0.65 0.515
Age -0.0 -1.10 0.274
Intercept 1.1 0.33 0.740 0.05
(450)
24-hour hs-cTnT log 0.2 0.67 0.503
(34 days)
Aortic cross-clamp time 0.07 2.20 0.031*
Dexmedetomidine 0.3 0.62 0.540
Age -0.0 —0.63 0.533
Intercept 0.6 0.01 0.990 0.07
(q75)
24-hour hs-cTnT log 0.4 0.60 0.550
(=5 days)
Aortic cross-clamp time 0.0 0.15 0.073
Dexmedetomidine 1.8 1.02 0.311
Age 0.0 1.32 0.884

(Model 2: ICU-stay) with perioperative independent variables: hs-cTnT, high-sensitivity cardiac

troponin; CRP, C-reactive protein; NT-proBNP, N-terminal pro b-type natriuretic peptide, (* p

<0.05)
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Table 6.3: Simultaneous quantile regression model for hospital stay — Model 1

Independent variable Regression T p value R?
coefficient
Intercept 2.1 0.81 0.419 0.03
- (925)
Baseline hs-cTnT log 0.1 0.33 0.745
(0-7 days)
NT-proBNP log -0.0 —0.16 0.876
CRP square 0.4 1.25 0.217
Age 0.1 2.44 0.017*
Intercept 6.8 1.94 0.057 0.02
, (450)
Baseline hs-cTnT log —0.1 —0.42 0.676
(8-11
NT-proBNP log -0.3 —0.90 0.372 days)
CRP square 0.4 1.53 0.130
Age 0.0 0.99 0.327
Intercept 8.5 0.70 0.487 0.01
- (q75)
Baseline hs-cTnT log -0.5 -0.92 0.360
(=212 days)
NT-proBNP log -0.8 0.90 0.373
CRP square 0.5 0.74 0.461
Age 0.1 0.64 0.526

(Model 1: hospital-stay) with preoperative independent variables (*p < 0.05): hs-¢TnT — high-
sensitivity cardiac troponin; CRP — C-reactive protein; NT-proBNP — N-terminal pro b-type

natriuretic peptide



Table 6.4: Simultaneous quantile regression model for hospital stay — Model 2

Independent variable Regression T p value R?
coefficient
Intercept 1.33 0.69 0.494 0.04
2
24-hour hs-cTnT log 0.5 2.01 0.048* (@25)
(0-7 days)
Aortic cross-clamp time 0.0 0.25 0.805
Dexmedetomidine 0.8 2.58 0.012*
Age 0.1 1.11 0.270
Intercept 2.3 0.51 0.609 <0.01
24-hour hs-cTnT log 0.3 0.48 0.631 (a50)
(8-11 days)
Aortic cross-clamp time 0.0 0.46 0.646
Dexmedetomidine 0.7 0.80 0.428
Age 0.1 0.90 0.372
Intercept 2.1 0.19 0.847 0.01
24-hour hs-cTnT log 04 0.25 0.805 q75)
(=212 days)
Aortic cross-clamp time 0.0 0.84 0.405
Dexmedetomidine 1.1 0.86 0.394
Age 0.1 1.32 0.189

(Model 2: hospital stay) perioperative independent variables (*p < 0.05): hs-cTnT — high-

sensitivity cardiac troponin; CRP — C-reactive protein; NT-proBNP — N-terminal pro b-type

natriuretic peptide
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6.1.3 Thirty-day mortality as an outcome variable

The exact logistic regression analysis model included the following preoperative independent
variables: log of hs-cTnT at baseline; log of NT-proBNP; EF; and age (Model 1: 30-day
mortality) (Table 6.5). The results are as follows:

30-day mortality
» The log of preoperative hs-cTnT was a significant independent predictor of 30-day
mortality (OR 19.55, z 6.13, 95% CI 7.55-50.58, p < 0.001).

» The log of NT-proBNP was also revealed as an independent predictor of 30-day
mortality (OR 0.14, z 3.08, 95% CI 0.04-0.49, p = 0.002).

» EF was a significant independent predictor of 30-day mortality
(OR 1.45, 2z 5.35,95% CI 1.26-1.66, p < 0.001).

» Age in years significantly predicted 30-day mortality
(OR 1.46, 7 3.18, 95%CI 1.16-1.85, p = 0.001).
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Table 6.5: Exact logistic regression for 30-day mortality

Independent variable Odds z p value 95% Confidence
Ratio Interval

Intercept 7.06e-22  —4.90 <0.001 2.43e-30 —2.05¢-13

Baseline hs-cTnT log 19.55 6.13 <0.001*  7.55-50.58

EF 1.45 5.35 <0.001*  1.26-1.66

NT-proBNP log 0.14 -3.08 0.002*  0.04-0.49

Age 1.46 3.18 0.001*  1.16-1.85

Postoperative independent variable hs-cTnT at baseline (pseudo R? = 0.70 F = 4)
(* p<0.05) (Model 1: 30-day mortality); hs-cTnT — high-sensitivity cardiac troponin; NT-
proBNP — N-terminal pro b-type natriuretic peptide

A second model, Model 2: 30-day mortality (Table 6.6), was tested to look at the association
between dependant outcome variable, 30-day mortality with perioperative independent

variables log of delta hs-cTnT; log of NT-proBNP; EF; and age. The results are as follows:

30-day mortality
» The log of the difference in hs-cTnT was a significant predictor of 30-day mortality
(OR 8.92, 7 2.54,95% CI 1.65-48.27, p=0.011).

» The log of NT-proBNP was a significant predictor of 30-day mortality
(OR 0.26, z-3.79, 95% CI 0.13-0.53, p = 0.001).

» Age and EF did not reach statistical significance.

101



Table 6.6: Exact logistic regression for 30-day mortality

Independent variable Odds Ratio z p value 95% Confidence
Interval

Intercept 2.49e-23 3.27 0.001 6.86e—37 —9.02¢-10

Delta hs-cTnT log 8.92 2.54 0.011* 1.65-48.27

EF 1.19 1.29 0.196 0.91-1.54

NT-proBNP log 0.26 -3.79 <0.001* 0.13-0.53

Age 1.68 1.63 0.103 0.90-3.15

Delta hs-cTnT as an independent variable hs-cTnT (24 hours minus baseline) (Pseudo R? = 0.45
F=4) (* p<0.05) (Model 2: 30-day mortality); hs-cTnT — high-sensitivity cardiac troponin; NT-

proBNP — N-terminal pro b-type natriuretic peptide

6.2 Discussion

6.2.1 Association between dexmedetomidine and outcome

Dexmedetomidine administration had a significant effect on hospital stay when hospital stay

was from 0 to 7 days. This association was the strongest in this model. It is of importance to

note that in this current study, the length of hospitalisation was inclusive of time spent in ICU.

The minimum-maximum ICU LOS between the dexmedetomidine and placebo groups were 0

— 28 and 0 — 15 days, respectively.

In their retrospective study, Cheng et al. (188) found a significantly prolonged LOS in ICU in

patients who received dexmedetomidine. No feasible explanation was found for this

difference (188). Patanwala et al. (193) found a significant association between

administration of dexmedetomidine with LOS in ICU and in hospital. In this current study

this phenomenon was also found and may possibly be due to the prolonged dexmedetomidine

context-sensitive half-life post infusion (250 min after an 8-hour infusion) (242). This,

however, warrants further investigation.
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6.2.2 Age as a predictor of outcome

A statistically significant association between age with length of hospitalisation (0—7 days),
and 30-day mortality was found in this current study. The results are similar to those found by
Wang et al. (268) in a study of octogenarians undergoing cardiac surgery. They found a
higher adjusted postoperative ICU and hospital stay with older age. They also found increased
30-day mortality in older patients. We are not aware of any study that has found different

results.

6.2.3 Ejection fraction as a predictor of outcome

Ejection fraction was a significant independent predictor of 1-month mortality. The model
used could explain 70% of the variance in 30-day mortality. In addition to a finding on the
association between age and outcome, Wang et al. (268) also found a low EF to be predictive
of 30-day mortality. Although de Oliviera et al. (187) did not look at the association between
EF and mortality, they found a significant association between length of hospitalisation with

older age.

6.2.4 NT-proBNP as a predictor of outcome

The log of preoperative NT-proBNP was found to be an independent predictor of LOS in ICU
when ICU stay was > 4 days. It was also revealed as an independent predictor of 30-day
mortality. Young et al. (195) found both preoperative and postoperative proBNP to be
predictive of adverse outcome, however, they concluded that the postoperative proBNP levels
had a higher predictive value than the preoperative proBNP levels. Barry et al. (269) found a

rise in proBNP to be predictive of adverse events in their study, including rates of fatal MI.

In high-risk vascular patients, proBNP as a marker is gaining momentum as a significant
predictor of adverse outcome. A meta-analysis by Biccard et al. (270) showed that proBNP
had a higher predictive value than the traditional clinical risk factors. The evidence suggesting
the significance of ProBNP has led to its inclusion in the new Canadian cardiac risk

assessment guidelines (251).
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6.2.5 Hs-cTnT as a predictor of outcome

The log of 24-hour postoperative hs-cTnT had a significant effect in length of hospitalisation,
when hospital stay was 0—7 days. The log of preoperative hs-cTnT was also a significant
independent factor of 30-day mortality. The log of the difference in hs-cTnT was a significant

predictor of 30-day mortality.

Hs-cTnT, a marker of myocardial ischaemia, has been used extensively to assess outcome
post cardiac surgery. Several studies have linked and found an association between cTn and
adverse outcome, both in cardiac surgery and interventional cardiology (46, 47, 111, 114,
116, 197, 198, 271, 272). Lurati Buse et al. (121), in a meta-analysis, found an association
between c¢Tn and adverse cardiac outcome, mortality included. They suggested that; the assay
type or subunit analysed; the timing of cTn testing; and the population tested, affected
definitive conclusions on the predictive value of ¢cTn (121). The results of this current study

are in agreement with previous studies.

6.2.6 Aortic cross-clamp time as a predictor of outcome

In this current study, Aocx was predictive of LOS in ICU when ICU stay was within 3—4
days. Doenst et al. (264) found a significant association between Aocx and mortality.
Similarly, Al Sarraf et al. (186) corroborated these results including those on the association
between Aocx and ICU LOS. Aocx time is the period of ischaemia during which myocardial

protection becomes cardinal to outcome.

Different strategies have been tested to determine the best method of protecting the heart
during Aocx (44, 60). It would seem that operating on a beating heart far supersedes the
method of using Aocx as Aocx time induces additional ischaemia-reperfusion damage to the
heart (273). To be able to pick a single factor during this period of ischaemia-reperfusion as
contributing to bad outcome would be difficult as many factors are at play. Research in this

area still continues, and more can still be done.
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6.3 Conclusions

This current study found perioperative administration of dexmedetomidine to be associated
with prolonged hospital stay in the first 7 days of admission. The contribution of potential
confounders in the drug regimen used in ICU, including morphine, has been considered. This
current study did not, however, investigate the confounding effect of these drugs towards
reported outcomes. The issue of the confounders, together with the long context-sensitive
half-life of dexmedetomidine, may have contributed to the findings, as reported in previous
ICU studies (234). Dexmedetomidine was also found in a study to significantly increase the

levels of TNF-a (177, 188).

In this current study, preoperative hs-cTnT was shown to have the highest significance in
predicting outcome, more than other preoperative variables, particularly with 30-day
mortality. The log of NT-proBNP was also revealed as an independent predictor of 30-day

mortality.

Compared with an assessment by Rodseth ef al. (254), where they suggested that NT-proBNP
had a higher predictive value than c¢Tn in their vascular patients, we found troponin to be
more predictive of mortality in our CABG surgery patient compared with NT-proBNP. Their
target population was patients that needed risk stratification for vascular procedures, whereas
CABG surgery patients are no longer an “at risk group” but rather have had an ischaemic
cardiac event. Furthermore, this current study used a newer assay, hs-cTn, to predict outcome.
Hs-cTn has been shown to be more sensitive than ¢Tn (221). It is possible therefore that
proBNP is far superior as a screening tool whereas ¢Tn would predict adverse outcome in

patients with confirmed myocardial ischaemia such as CABG surgery patients.

CRP, a marker of inflammation, was not seen as a predictor of adverse outcome in this current
study. This finding in this current study is similar to other studies (253, 256, 257). A cost-
analysis study to see the value of the biomarkers in predicting adverse outcome and reducing
mortality and morbidity would be ideal. Moreover, these biomarkers have been investigated
for development of multiple biomarker risk stratification in previous studies of at-risk patients

(253, 256, 257).
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6.4 Recommendations

A large multicentre study, ideally including patients operated on in the private sector, who
may be receiving intervention much earlier in their disease process, is recommended to
determine if the results of this study can be duplicated. The recommendations of the “Third
Universal Definition of Myocardial Infarction" for use of troponin, electrocardiography,
angiography and echocardiography in diagnosing perioperative MI should ideally be practiced
by all cardiac units (57). A further investigation into the use of multiple biomarkers in
outcome prediction in our population is encouraged. This might assist in patient stratification

and resource allocation.

6.5  Limitations
The size of the sample precluded inclusion of more variables for testing for prediction of
more outcome variables. To test for association with more variables, a larger sample size

allowing for at least 15 observations per variable would be necessary.
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CHAPTER 7 : ETHNICITY, GENDER, CORONARY ARTERY DISEASE AND
RISK FACTORS

7.1 Introduction

Urbanisation and integration of society has led to changes in the prevalence of disease profiles
between ethnic groups from what was traditionally understood. CAD among African patients
is said to be increasing. Although there are epidemiological studies on the subject, we could
not find those that compared disease burden between ethnic groups at presentation in the
perioperative CABG surgery period. In this chapter, we present a risk factor profile of our

study population in a perioperative CABG surgery period.

7.1.1 General Characteristics and Demographic Profile

The study was conducted at CMJAH, which is one of the 3 large teaching hospitals attached
to the University of the Witwatersrand and the only one offering cardiothoracic surgical
services for the indigent and poorer populations within the southern part of the province of
Gauteng. Together, the three teaching hospitals serve all race groups, with CHBAH serving
predominantly African patients, CMJAH a fair mix of Africans, whites, Indians and
coloureds, and HJIAH predominantly whites, Indians and coloureds. This is due to their

geographical positions.

In a period of 29 months from February 2014 to June 2016, 95 patients (18 to 65 years old)
with left main or triple vessel disease and presenting for CABG, were eligible to be included
in the study. Three patients declined to participate in the study, and 90 consented to be part of
the study and were enrolled into the study. The patients were grouped according to the ethnic
group classification used in South Africa, and presented as Africans, Indians, whites and
coloureds (271). Only one patient identified as coloured and thus for the purposes of analysis
this patient was added to the Indian group. The proportions of the three groups were 41.1%,
37.8% and 21.1% whites, Indians and Africans, respectively (Figure 7.1). The female

proportion among Indians, Africans and whites were 21%, 20% and 19%, respectively.
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Figure 7.1: Proportional representation of different ethnic groups

The median age of presentation was 57(51-60) years with the youngest patient presenting for

CABG surgery 30 years old. Eighty per cent of these patients were male.

The history of cardiovascular medication, related to statins, beta blockers and aspirin, was
taken. There was no difference in the proportions of patients on cardiovascular medical
therapy between Africans and the combination of Indians and whites: acetylsalicylic acid
(ASA) 89.47% vs. 78.87%, p = 0.294; statins 84.21% vs. 91.55%, p = 0.344; and B blockers
73.68% vs. 80.28%, p = 0.531), respectively (Figure 7.2). The mean number of coronary
vessels grafted for the whole group was 2.92(0.706), with no difference in mean coronary

vessels grafted between groups (p = 0.914) (Table 7.1).
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Figure 7.2: Comparison of proportions of patients on myocardial protective cardiovascular

medical therapy by population group

Table 7.1: Classification of patients according to the WHO obesity and BMI classification

Classification Obesity Class BMI (kg/m?) n(%)
Underweight <18.5 1(1)
Normal 18.5-24.9 25(28)
Overweight 25-29.9 27(30)
Obesity I 30.0-34.9 22(24)
I 35.0-39.9 14(16)
Extreme Obesity III >40 1(1)

Adapted from the World Health Organisation (274). This table is copied in terms of Section 12 (Fair
Dealing) of the SA Copyright Act No. 98 of 1978 (as amended).
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obesity class I (24%), obesity class II (16%), and extreme obesity class III (1%) for the whole group

Figure 7.3: Stratification of patients according to body mass index classification

The median EF for the group was 53.5% (45-60), with the lowest recorded EF 20%. The New

York Heart Association functional class for the three groups was comparable (Table 7.2).

7.1.2 Cardiovascular Risk Factors

The risk factor profile was obtained from history (self-reported) and assessed against the
following modifiable risk factors: hypertension, diabetes mellitus, dyslipidaemia, smoking
and obesity assessed as BMI (Table 7.1). For the whole group (n=90), the prevalence of
hypertension was 76.7%; diabetes mellitus 42.2%; smoking 46.7%; and dyslipidacmia 55.6%.
According to the BMI classification (Table 7.1), 71% of patients were either overweight or
obese. The median (IQR) BMI for the whole group was 28(24-31) kg/m? with one patient
presenting with a BMI of 55 kg/m?. For the whole group, the following proportions for BMI
were found: 1% underweight; 28% normal weight; 30% overweight; 24% obesity class I;

16% obesity class II; and 1% extreme obesity class III (Figure 7.3).
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7.1.3 Ethnic and Gender Comparison

Compared with other ethnic groups, a significantly higher proportion of Indian 23(68%)
patients presented with a history of diabetes mellitus vs. 7(37%) for Africans and 8(22%) for
whites, p < 0.001 (Table 7.2). There was no statistically significant intergroup difference in
the prevalence of other risk factors (Table 7.2). There were no differences in the total number
of modifiable risk factors between Africans, whites and Indians 1.94(0.91), 2.02(0.79),
2.38(0.92), p = 0.339, respectively. There was no significant difference in BMI between
Africans, whites and Indians 28.68(6.3) kg/m?, 29.59(7.1) kg/m?, and 28.02(6.5) kg/m?, p =
0.6453, respectively.

RISK FACTORS

Blacks Indians Whites

Age Smoking BMI m Hypertension Diabetes Mellitus Dyslipidaemia

Risk factor proportions as percentages of total per ethnic group; BMI — body mass index; x-axis —

percentage of patients in the group Kruskal Wallis test: *p<0.05 for diabetes mellitus

Figure 7.4: A comparison of risk factor profiles by ethnic group

There was no statistical difference in the proportion of males to females in the different ethnic
groups. Compared with whites and Indians, African patients had higher rates of hypertension
(90%). A smaller proportion of Africans presented with a history of smoking (32%) compared
with the other two ethnic groups (Table 7.2). White patients presented with higher rates of
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dyslipidaemia (65%). However, the differences in these risk factors among the three ethnic

groups did not reach statistical significance.

Table 7.2: A comparison of basic characteristics between three ethnic groups

Parameter Africans Whites Indians p value
(n=19) (n=37) (n=34)

Female (%) 4(20) 7(19) 7(21) 0.977
Age (year) median(IQR) 60(53-62) 56(49-60) 56(51-60) 0.186
NYHA mean(SD) 2.55(0.70) 2.59(0.94) 2.56(0.84) 0.253
*LVEF median(IQR) 50(45-55) 52(45-60) 55(45-60) 0.548
No. of vessels mean(SD) 2.94(0.70) 2.86(0.67) 2.97(0.67) 0.914
Smoking n(%) 6(32) 20(54) 16(47) 0.279
Hypertension n(%) 17(90) 26(70) 26(77) 0.274
Dyslipidaemia n(%) 9(47) 24(65) 17(50) 0.326
Diabetes Mellitus n(%) 7(37) 8(22) 23(68) <0.001%**
BMI median(IQR) 28(23-34) 28(24-33) 27(24-31) 0.645
RFS mean(SD) 1.94(0.91) 2.02(0.79) 2.38(0.92) 0.339
CPB time (min) median(IQR) 138(126-200) 152(130-170) 150(126-176) 0.966

RFS — total number of risk factors, BMI — body mass index, NYHA — New York heart association class,

LVEF — left ventricular ejection fraction, ¥*n=82, **p < 0.001

A comparison between African patients and a combined group of white and Indian patients

showed no statistically significant difference in risk factor profile, number of risk factors and

gender proportions (Table 7.3). The youngest patient (30 years old) in this current study was a

white male patient with 3 risk factors and a strong family history of ischaemic heart disease

(IHD). No other discernible difference in baseline characteristics and risk factor profile were

found between these two groups (Table 7.3).
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Table 7.3: A comparison of basic characteristics between Africans and a Combined group

Parameter Africans (n=19) Combined (n=71) p value
Female n(%) 4(21.05) 14(19.72) 0.897
Age (yr) median(IQR) 60(53-62) 56(49-60) 0.075
BMI (kg/m?) median(IQR) 28(23-34) 27(24-31) 0.824
Smoking n(%) 6(32) 36(51) 0.138
Dyslipidaemia n(%) 9(48) 41(58) 0.419
Hypertension n(%) 17(90) 52(73) 0.137
Diabetes Mellitus n(%) 7(37) 31(44) 0.593
RFS mean(SD) 1.94(0.20) 2.19(0.10) 0.275
EF% median(IQR) 50(45-55) 55(45-60) 0.302
CPB time (min) median(IQR) 138(126-200) 150(129-176) 0.902

RFS — total number of risk factors, BMI — body mass index, Combined — combined group of whites and

Indians

Tables 7.4 and 7.5 show a comparison is made of biomarker profiles amongst the three ethnic

groups. Although African patients had higher NT-proBNP, CRP and hs-cTnT levels at

baseline, there was no statistical significance. African patients also had higher levels of

postoperative hs-cTnT and IL-10 than the other two ethnic groups which also did not reach

statistical significance (Table 7.5).
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Table 7.4: A comparison of biomarker profiles between three ethnic groups

Parameter Africans (n=15) Whites (n=35) Indians (n=31) p value
median(IQR)

Baseline NT-proBNP ng/L 359(129- 839) 344(126-815) 171(61-467) 0.233
Baseline CRP (ng/L) 6(1-13) 3(0-16) 2(1-6) 0.185
Baseline hs-cTnT (ng/L) 61(10-98) 12(8-33) 12(7-30) 0.264
Postoperative IL-6 (pg/ml) 0.075(0.03-0.1) 0.105(0.07-0.19)  0.095(0.05-0.16)  0.355

Postoperative IL-10 (pg/ml)  4.45(4.14-8.52)  3.55(1.69-9.48) 4.72(3.2-5.36) 0.650

Postoperative hs-cTnT (ng/L)  451(296-1020) 363(223-721) 358(250-587) 0.268

hs-cTnT — high-sensitivity cardiac troponin, CRP — C-reactive protein, NT-proBNP — N-terminal pro b-type

natriuretic peptide

Table 7.5: A comparison of biomarker profiles between Africans and the Combined group

Parameter Africans (n=15) Combined (n=66) p value
median(IQR)

Baseline NT-proBNP (ng/L) 359(129-839) 205(122-636) 0.310
Baseline CRP (ng/L) 6(1-13) 2(1-7) 0.153
Baseline hs-cTnT (ng/L) 61(10-98) 12(8-30) 0.103
Postoperative hs-cTnT (ng/L) 451(296-1020) 360.2(242-658) 0.111
Postoperative IL-6 (pg/ml) 0.075(0.03-0.1) 0.1(0.06—-0.18) 0.171
Postoperative IL-10 (pg/ml) 4.45(4.14-8.52) 4.39(2.09-7.52) 0.788

hs-cTnT — high-sensitivity cardiac troponin, CRP — C-reactive protein, NT-proBNP — N-terminal pro
b-type natriuretic peptide
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Table 7.6 shows a comparison of baseline characteristics is made between males and females.
It showed a statistically significantly higher proportion of smoking history in males compared
with females (53% vs. 22% respectively, p = 0.02). Furthermore, a statistically significant
higher proportion of females presented with a history of dyslipidaemia compared with males
(78% vs. 50%, p = 0.034 respectively). There were no other significant differences in risk

factor and baseline characteristics between males and females.

Table 7.6 A comparison of basic characteristic differences between males and females

Parameter Male (n=72) Female (n=18) p value
Age (years) median(IQR) 56(50.5-60) 60(51-62) 0.171
NYHA mean(SD) 2.56(0.90) 2.58(0.61) 0.935
EF% median(IQR) 53(45-60) 55(45-62) 0.494
No. of vessels mean(SD) 2.93(0.67) 2.88(0.83) 0.824
Smoking n(%) 38(53) 4(22) 0.020*
Dyslipidaemia n(%) 36(50) 14(78) 0.034*
Hypertension n(%) 53(74) 16(89) 0.170
Diabetes Mellitus n(%) 28(39) 10(56) 0.200
BMI (kg/m?) median(IQR) 27(24-31) 30.5(26-35) 0.189
RFS mean(SD) 2.11(0.10) 2.27(0.17) 0.476

LVEEF — left ventricular ejection fraction; BMI — body mass index; RFS — number of risk factors;

NYHA — New York heart association functional class, *p < 0.05

115



7.2 Discussion

7.2.1 Ethnicity and coronary artery disease

Ethnicity has been shown to play an important part in the occurrence of risk factors and their
subsequent impact on prevalence of CAD (203, 208). Ethnicity has also been seen as a factor
in clinical features and manifestations of disease processes (208).

An example of this can be seen in the varying complications of hypertension when African
patients were compared with white patients (208). African hypertensive patients were found
to have a higher incidence of renal dysfunction, stroke and CCF complications when
compared with white patients, who in turn presented with a higher prevalence of CAD
associated with their hypertension (208). Ethnicity has further been found to have an impact

on variability in drug responses, particularly vasoactive agents (213, 275).

This current study found that 21.1% of patients who presented for CABG were Africans. A
statistically significantly higher proportion of patients of Indian descent were found to have
diabetes mellitus when compared with other groups. A statistically significant higher
proportion of males were found to be smokers. When compared with males, a statistically

significant higher proportion of females presented with dyslipidaemia.

Earlier studies that looked at CAD in South Africa showed a lower prevalence of CAD
amongst African patients (22, 23). The situation was believed to be the same for Africans
from Sub-Saharan regions of the African continent until the late 1990s (24). Whilst the
incidence and disease pattern in Europeans and Asians in Southern Africa mirrored those of
the international communities, the disease was found to be very rare in Africans in the 1970s
(22). Albert (276) suggested in 2008 that changes in the prevalence of heart disease in urban
Soweto’s 1.1 million Africans, representing the largest African community in the Sub-

Saharan region, might be due to “epidemiological transition”.

Thus far, no study has looked at the basic characteristics and risk factor profile of patients
presenting for CABG surgery in South Africa. Previous studies have, however, looked at

these differences in nonsurgical communities (237, 241). Due to the previous spatial
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distribution of the population, there was some skewness in comparison/representation of the
ethnic groups in studies. Prior t01994, representation of ethnic groups at South African
hospitals was also skewed. Reports of CAD in African patients in South Africa in the middle
of the 20" century were predominantly from autopsy results (84, 86).

Seftel et al. (84) found only 30 African patients who had proven MI in a sample from the Old
Johannesburg General Hospital in Hillbrow. The sample covered the period 1951-1961.
Fifteen of these cases of MI were proven at post-mortem. At Baragwanath Hospital in
Soweto, Schwartz et al. (85) reported a prevalence of CAD of 0.1%, while Schrire ef al. (88)
found a prevalence of 1.4% in Cape Town. A study by Chesler et al. (277) also reported 8
positive angiograms performed in African patients out of 800 in a 10-year period; in an area

reported to have had over 1 million Africans.

Joubert et al. (87), using a convenience sampling method in patients who presented at a stroke
clinic, found evidence of MI in 2.1% of patients. Research by Nethononda et al. (26), the
Heart of Soweto (278) and INTERHEART studies (89) was conducted in predominantly
African communities. To date, no study has looked at biomarkers and CABG outcomes

amongst the different ethnic groups in the South African population.

In contrast to data from Nethononda et al. (26), this current study found no statistically
significant difference in the prevalence of hypertension, dyslipidaemia and smoking when
comparing African, white and Indian ethnic groups, respectively. Diabetes mellitus was found

to be significantly higher in Indians when compared with African and white patients.

In a review by Akinboboye et al. (24), the prevalence of CAD was found to range from 0.01%
to 2.4 % between the years 1951 and 1986, confirming the reported low prevalence of CAD
disease in the East, West and Central African countries. Most of these cases were from

autopsy studies as there were little reliable epidemiological data from most African countries.
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Furthermore, Akinboboye et al. (24) showed that in their study Asian communities had the
highest prevalence of CAD — similar to that in western countries. They also reported a
prevalence of hypertension as high as 70% in one study in Zaire. They concluded that
hypertension was associated with urbanization as compared with a previous theory that it was

due to genetic maladaptation in those who were born in areas that produce little salt.

The small sample size in this current study is a significant limitation and the findings can only
be hypothesis-generating for future large prospective studies to carefully look at differences in
access to and outcome of CABG surgery among different population groups in South Africa

and sub-Saharan Africa.

7.2.2 Risk factor profile
Cardiovascular risk factors and the coronary artery disease profile among the different ethnic

groups in South Africa have also been investigated.

7.2.2.1 Hypertension

In 1983, Seedat et al. (205) found the prevalence of hypertension to be 25% in urban Zulus
compared with 17.2% and 14% in white and Indian populations respectively. Despite these
figures, CAD in Africans was found to be lower than in other ethnic groups. In 1994, Seedat
et al. (86) found that smoking, hypercholesterolemia and hypertension were major risk factors
in whites. They found hypertension, smoking and obesity in female patients to be the
important risk factors in the cohort, however, they did not indicate whether there were

differences between African, white and Indian women.

In this current study, the prevalence of hypertension in African patients was found to be as
high as 90%, consistent with findings from a previous study (279). The difference between
this group other ethnic groups was, however, not statistically significant. The Heart of Soweto
study (91), similar to our study, did not find a statistically significant difference in the
prevalence of hypertension in Africans when compared with other races. Isles et al. (206),

comparing age and sex specific rates of death from CVD, using census data, found that
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although more Africans had a high prevalence of hypertension, it was not commonly

associated with CAD, but rather with cerebrovascular disease.

It has previously been suggested that, although African patients have a high prevalence of
hypertension, their cardiovascular disease manifestation is with hypertensive heart disease,
strokes and renal complications (207), compared with other ethnic groups. It was speculated
that the high fibrinolytic activity among Africans was a contributing factor to a lower
prevalence of CAD (24, 208). However, this is changing, possibly as a result of the
epidemiological transition. The burden of CAD in African patients in this current study
seemed higher, with hypertension as their principal risk factor. However, no conclusions can

be drawn due to the small sample size.

7.2.2.2 Obesity

In 1992, a South African study by Seedat et al. (86) found 22.6% of African females to be
obese when compared with males. An earlier study by the same group reported a total
prevalence of obesity of 35.7% (280) in Africans. Tibazarwa et al. (91) found the rate of
obesity to be 43% in African patients in Soweto, but this difference was not statistically

significant when compared with other ethnic groups.

An American study found that more African-Americans presented with obesity than white
patients (281). Obesity in that study was, however, associated with significantly less CAD in
both races (281). In the Heart of Soweto study (91), with 88% of the patients being African,
the rate of obesity was similar to other ethnic groups. Furthermore, the study found a

statistically significantly higher proportion of females to be obese.

In this current study, 41% (37/90) of patients were found to be obese. However, there were no
statistically significant differences between ethnic and gender groups. We attribute this to the
relatively small numbers of African patients (19/90), particularly women. Indeed, out of the

only four African women in the study, three (75%) were obese with BMI > 28 kg/m?.
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7.2.2.3 Dyslipidaemia

In this current study, more whites reported a history of dyslipidaemia compared with the other
two ethnic groups, although this difference did not reach statistical significance, possibly due
to the small sample size. This finding is, however, consistent with a previous study by Seedat
et al. (205). We found a high prevalence of dyslipidaemia among females compared with
males and it was statistically significant. This was consistent with results of a study by
Alberts et al. (29) among rural Africans from Limpopo, a province in South Africa. The

challenge with our study was that we only had a small number of African women.

In the INTERHEART studies (89), Africans were found to have lower lipid levels than other
ethnic groups and lower levels than the overall INTERHEART cohort (89). A gender-based

analysis was not undertaken in that study.

7.2.2.4 Diabetes mellitus

This current study has found a prevalence of diabetes mellitus in Indian patients (68%) to be
significantly higher when compared with African and white patients. African patients had the
second highest prevalence of diabetes mellitus (37%), while white patients had the lowest
(22%). This differs from a previous study by Omar et al. (282) that reported the prevalence of
diabetes mellitus among Zulu patients in Natal to be much lower (4.2%). The higher
prevalence of diabetes mellitus among African patients in this current study is similar to that

reported in the Heart of SOWETO study (91).

7.2.2.5 Smoking
Although more than half of the Indian and white patients had a history of smoking, in this
current study, compared with 37% smokers in African patients, the difference did not reach

statistical significance.

A significantly higher proportion of other race groups were found to be presenting with a
higher history of smoking when compared with African patients in the Heart of SOWETO
study (91). In the INTERHEART study however, Africans had a similar prevalence of
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smoking to other groups (89). Vorster et al. (27) found a smoking prevalence of 28% in their
African participants, which was only higher than that found in Indian participants. A
significantly higher rate of smoking in males than in females was found in our study. In
Nigeria in 1976, smoking in secondary school students was found to be 13.6% in males

compared with 10.3% in females.

7.2.2.6 Number of risk factors

We found no ethnic and gender disparity in the number of risk factors, with a mean of 2 risk
factors per population group. This is in contrast to an earlier South African study by Seedat et
al. (203) that showed that white patients commonly had an average of three risk factors
whereas Africans had two. In that study, the common risk factors among whites were high
cholesterol, smoking and hypertension. In both their study and this current study, smoking
was shown to be an important risk factor among male patients. In this current study, in
contrast to Seedat et al.’s study (203), dyslipidaemia, but not obesity was significantly higher

among female patients.

In the Heart of SOWETO study (91), the prevalence of cardiovascular risk factors was found
to be very high, with 59% of patients having multiple risk factors. In the same study,
hypertension was found in 56% of patients of whom 44% were also obese. Only 13% of

patients had no identifiable risk factors.

7.2.2.7 Age and gender

More males presented with CAD in this current study. The study did not find a significant
difference in median age of presentation among different ethnic groups, nor were there any
differences between genders. In contrast to this current study, the Heart of SOWETO study’s
population was in general younger, with women significantly younger than men at

presentation (91).

7.3 Conclusions and recommendations
African patients seemed to present biochemically worse off than other ethnic groups, even

though the differences in their biomarker levels did not reach statistical significance.
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Postoperatively, their troponin levels were also higher than in other groups. They were also
marginally older at presentation with a predominantly higher prevalence of hypertension
compared with other groups. Their total number of risk factors was however lower than that

in other ethnic groups.

The prevalence of CAD in African patients is rising. The increase has been postulated to be
due to lifestyle changes that come with urbanisation and epidemiological transition. An
integration of society can be seen, in that different ethnic groups are presenting with a similar
prevalence of risk factors. The issue of obesity is no longer a female problem but is increasing

among male patients.

Despite concerted efforts by the South African government to curb the increase in non-
communicable diseases, the cardiovascular risk factors related to IHD are still rising. Salt
intake in particular is seen as one of the major contributors to the risk of hypertension (283). It
has now been legislated in South Africa that the mean population intake should be less than
Sg/day by 2020 (283). All three ethnic groups have presented with high rates of hypertension
— higher than their other risk factors.

7.4  Limitations

The patients enrolled in this current study were referrals from more than four surrounding
hospitals to the cardiothoracic surgery unit. Long-term follow-up of these patients by physical
means was difficult. Telephonic follow-up was possible in most cases but was also

challenging. This limited their follow-up to a detailed history and not a clinical examination.
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CHAPTER 8 : DEXMEDETOMIDINE PHARMACOETHNICITY

8.1 Introduction

Individualised medicine is an area that is growing rapidly, informed by ethnicity and genetics
as factors leading to variability in response to drug therapy. It has been suggested that
pharmacoethnicity, pharmacogenetics and pharmacogenomics are interlinked (93-95). The
differences in ethnicity and genetics manifest themselves in variability of drug metabolism,

transport proteins and drug target sites (93).

8.1.1 Baseline Characteristics
Data in this chapter is in the form of subgroups divided by intervention, ethnic group and

outcome. The sample sizes are therefore small.

The results are presented as:
e acomparison between African patients and other ethnic groups in the dexmedetomidine

group (Table 8.1)

e acomparison between African patients and other ethnic groups in the non-

dexmedetomidine group (Table 8.2)

e a comparison between males and females in the dexmedetomidine group (Table 8.3).

At baseline, African patients presented with statistically significantly higher preoperative hs-
cTnT levels when compared with the other group [Africans 61(11-70) ng/L and other 11(8—
25) ng/L, p = 0.0259]. African patients also presented with a marginally higher preoperative
NT-proBNP compared with the other group [Africans 531(359-3235) ng/L, other 198(126—
567) ng/L, p = 0.0524]. All other baseline parameters were not significantly different.
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Table 8.1: Dexmedetomidine group by ethnicity — baseline data

Parameter Africans n Other or n p value

combined group

NT-proBNP (ng/L) median(IQR) 531(359-3235) 7 198(126-567) 33 0.0524
CRP (ng/L) median(IQR) 7(4-13) 7 3(1-7) 33 0.1114
Hs-cTnT preoperative (ng/L) median(IQR) 61(11-70) 7 11(8-25) 33 0.0259*
LVEF (%) mean(SD) 48.56(12) 9 55.21(9.9) 33 0.1232
CPB time (min) median(IQR) 138(128-200) 9 133(152-178.5) 36  0.9096
Number of vessels mean(SD) 2.77(0.66) 9 2.97(0.67) 36 0.721

NT-proBNP — N-terminal pro b-type Natriuretic Peptide; CRP — C-reactive protein; CPB — cardiopulmonary
bypass; LVEF — left ventricular ejection fraction; and delta hs-cTnT — difference between baseline and 24-

hour hs-cTnT, *p < 0.05

Table 8.2: Non-dexmedetomidine group by ethnicity — baseline data

Parameter Africans n Other or n p value

combined group

NT-proBNP (ng/L) median(IQR) 180(106-340) 8 212(80-636) 33 0.6689
CRP (ng/L) median(IQR) 3.5(1-8) 8 2(1-6) 33 0.5256
Hs-cTnT preoperative (ng/L) median(IQR) 46(5.5-146.5) 8 12(8-31) 33 0.7172
LVEF (%) mean(SD) 49.7(9.9) 9 49.7(10.1) 31 0.9857
CPB time (min) median(IQR) 140(120-185) 10 150(124-170) 35 0.8914
Number of vessels mean(SD) 3.1(0.7) 10 2.85(0.77) 35 0.381

NT-proBNP — N-terminal pro b-type Natriuretic Peptide; CRP — C-reactive protein; CPB — cardiopulmonary
bypass; LVEF — left ventricular ejection fraction; and delta hs-cTnT — difference between baseline and 24-hour

hs-cTnT, *p < 0.05
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Table 8.3: African patients by drug — baseline data

Parameter Dexmedetomidine n Non-dexmedetomidine n p value
NT-proBNP (ng/L) median(IQR) 531(359-3235) 7 180(106-340) 8 0.0372%*
CRP (ng/L) median(IQR) 7(4-13) 7 3.5(1-8) 8 0.1981
Hs-cTnT preoperative (ng/L) 61(11-70) 7 46(5.5-146.5) 8 0.9538
median(IQR)

LVEF (%) mean(SD) 48.56(12) 9 49.7(9.9) 9 0.8166
CPB time (min) median(IQR) 138(128-200) 9 140(120-185) 10 0.8380
Number of vessels mean(SD) 2.77(0.66) 9 3.1(0.7) 10 0.334

NT-proBNP, N-terminal pro b-type Natriuretic Peptide; CRP, C-reactive protein, CPB — cardiopulmonary
bypass; LVEF, left ventricular ejection fraction; delta hs-¢cTnT, difference between baseline and 24-hour hs-

c¢TnT, *p <0.05

There were no statistical differences in the baseline characteristics between ethnic groups in
the non-dexmedetomidine group (Table 8.2). African patients in the dexmedetomidine group
presented with statistically significantly higher NT-proBNP levels at baseline than African
patients in the non-dexmedetomidine group (Table 8.3). There was no difference in the
preoperative baseline characteristics between males and females in the dexmedetomidine

group (Table 8.4).
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Table 8.4: Dexmedetomidine group by gender — baseline data

Parameter Male n Female n p value
Hs-cTnT preoperative (ng/L) 13(8-35) 30 12.5(9-23) 10 0.6279
median(IQR)

NT-proBNP (ng/L) median(IQR) 234(137-724) 30 411(122-824) 10 0.6017
CRP (ng/L) median(IQR) 4(2-13) 30 1.5(1-6) 10 0.3387
LVEF (%) mean(SD) 53.45(10.9) 31 54.72(9.9) 11 0.7353
CPB time (min) median(IQR) 150(130-175) 34 176(129-185) 11 0.4052
Number of vessels mean(SD) 2.9(0.59) 34 3.1(0.83) 11 0.133

NT-proBNP — N-terminal pro b-type Natriuretic Peptide; CRP — C-reactive protein; CPB —
cardiopulmonary bypass; LVEF — left ventricular ejection fraction; delta hs-cTnT — difference

between baseline and 24-hour hs-¢cTnT

8.1.2 Postoperative ethnic and gender comparisons

Table 8.5 shows a comparison of postoperative parameters between Africans and the
combined group of other ethnic groups among patients who received dexmedetomidine. There
were no differences in postoperative ischaemic and inflammatory biomarkers between groups.
This is despite the fact that African patients in the dexmedetomidine group presented with

worse preoperative biomarker profiles than the combined group.

The postoperative parameters between ethnic groups in the non-dexmedetomidine group
showed no statistical difference (Table 8.6). In comparison, African patients in the
dexmedetomidine group presented with significantly higher NT-proBNP levels at baseline
than African patients in the non-dexmedetomidine group (Table 8.7). Dexmedetomidine
administration did not lead to differences in either biomarker or clinical outcomes when the

dexmedetomidine group was analysed according to gender (Table 8.8).
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Table 8.5: Dexmedetomidine group by ethnicity — postoperative data

Parameter African n Other n p value
Hs-cTnT 24-hr (ng/L) median(IQR)  451(295-927)) 7 363(264-625) 33 0.4765
Delta hs-cTnT (ng/L) median(IQR) 427(232-793) 7 350(231-586) 33 0.5333
IL-10 (pg/ml) median(IQR) 4.23(4.14-4.45) 6 4.72(2.38-9.76) 20 0.7339
IL-6 (pg/ml) median(IQR) 0.07(0.02-0.15) 9 0.09(0.06-0.19) 36 0.2402
ICU LOS (days) median(IQR) 3(34) 9 3.5(2-4.5) 36 0.8729
Hospital LOS (days) median(IQR) 8(7-14) 9 8.5(7-11) 36 0.7966
Adverse Events (%) mean(SD) 1.11(0.33) 9 1.16(0.38) 36 0.684

IL — interleukin; LOS, length of stay; ICU — intensive care unit; and delta hs-cTnT — difference between

baseline and 24-hour hs-cTnT

Table 8.6: Non-dexmedetomidine group by ethnicity — postoperative data

Parameter African n Other n p value
Hs-cTnT 24-hr (ng/L) 444.5(301.5-1274) 8 336(242-691) 33 0.138
median(IQR)

Delta hs-cTnT (ng/L) mean(SD) 345(243-1034) 8 276(215-627) 33 03744
IL-10 (pg/ml) median(IQR) 6.54(2.28-9.01) 6 3.89(1.69-535) 21  0.4657
IL-6 (pg/ml) median(IQR) 0.08(0.05-0.1) 7 0.1(0.06-0.17) 29  0.4342
ICU LOS (days) median(IQR) 2.5(2-5) 10 3(24) 35 09774
Hospital LOS (days) median(IQR) 8(7-10) 10  8(6-10) 35  0.4260
Adverse events (%) mean(SD) 1.2(0.42) 10 1.02(0.17 35  0.057

IL — interleukin; LOS — length of stay; ICU- intensive care unit; and delta hs-cTnT — difference between

baseline and 24-hour hs-cTnT
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Table 8.7: Postoperative parameters between dexmedetomidine and non-dexmedetomidine

groups among African patients

Parameter Dexmedetomidine n Non- n p value
dexmedetomidine
Hs-cTnT 24-hr (ng/L) median(IQR) 451(295-927)) 7 444.5(301.5-127.4) 8 0.4875
Delta hs-cTnT (ng/L) median(IQR) 427(232-793) 7 345(243-1034) 8 0.7721
IL-10 (pg/ml) median(IQR) 4.23(4.14-4.45) 6 6.54(2.28-9.01) 6 0.3580
IL-6 (pg/ml) median(IQR) 0.07(0.02-0.15) 9 0.08(0.05-0.1) 7 0.8978
ICU LOS (days) median(IQR) 3(34) 9 2.5(2-5) 10 0.8346
Hospital LOS (days) median(IQR) 8(7-14) 9 8(7-10) 10 0.5627
Adverse Events (%) mean(SD) 1.11(0.33) 9 1.2(0.42) 10 0.6196

IL — interleukin; LOS — length of stay; ICU — intensive care unit; and delta hs-cTnT — difference between

baseline and 24-hour hs-cTnT

Table 8.8: Postoperative parameters in the dexmedetomidine group according to gender

Parameter Male n Female n p value
IL-10 (pg/ml) median(IQR) 4.45(2.47-5.67) 17 4.30(3.38-9.76) 8 0.8156
IL-6 (pg/ml) median(IQR) 0.09(0.06-0.17) 25 0.09(0.07-0.11) 9 0.9220
Hs-cTnT 24-hr (ng/L) median(IQR)  362.5(264-625) 30 403.5(303-1020) 10 0.5118
Delta hs-cTnT (ng/L) median(IQR)  347(231-586) 30 377.5(288-950) 10 0.4725
ICU LOS (days) 3(2-5) 34 4(2-4) 11 0.9138
Hospital LOS (days) 8(7-11) 34 10(8-12) 11 0.4883
Adverse events (%) mean(SD) 1.11(0.33) 34 1.27(0.46) 11 0.227

IL — interleukin; LOS — length of stay; ICU — intensive care unit; and delta hs-cTnT — difference between

baseline and 24-hour hs-cTnT

128



8.2  Discussion

Ethnicity as a factor in variability of response to drug therapy has been previously
investigated (95). This has led to suggestions of individualised medicine (93, 284).
Pharmacoethnicity, pharmacogenetics and pharmacogenomics have been shown to be
interlinked (93-95). It has been suggested that the differences in ethnicity and genetics
manifest themselves in variability of drug metabolism, transport proteins and drug target sites

(93).

Our current study was not powered for an analysis on dexmedetomidine pharmacoethnicity.
Like previous studies on the subject, our numbers were small given that this is a new field of
study (209). Therefore, our results should be interpreted with caution and at best are
hypothesis generating. Preoperative data in this current study show significantly higher levels
of preoperative hs-cTnT in African patients when compared with other ethnic groups.
Furthermore, the levels of NT-proBNP at baseline were marginally higher in African patients
when compared with the other combined ethnic groups. However, there was no statistical

difference in LVEF between these groups.

Despite the differences in preoperative biomarker values, there was no statistically significant
difference in postoperative biomarker and clinical outcomes in patients who received
dexmedetomidine when African patients were compared with the other ethnic groups
combined. Importantly, despite presenting with significantly higher NT-proBNP levels,
African patients in the dexmedetomidine group did not fare worse in the postoperative period
when compared to African patients in the non-dexmedetomidine group. Furthermore, within
the dexmedetomidine group, there were no differences in biomarker levels and clinical

outcomes when patients were compared according to gender groups.

The effects of dexmedetomidine are mediated through a-2 adrenoceptors (82, 83). We found
no studies in the English literature comparing biomarker differences between ethnic groups in
association with dexmedetomidine. A previous study had shown the effects of clonidine on
blood pressure reduction to be different between African and white patients (213). These

results were not reproducible when the cardiovascular effects of dexmedetomidine were
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tested and compared between ethnic groups (210). Of note is that the proportions of a-1 to a-
2 receptor activity between dexmedetomidine and clonidine were different (210).
Dexmedetomidine is a highly selective a-2 agonist similar to clonidine but with a greater
affinity for the a-2 receptor. Clonidine has a specificity of 220:1 (a-2:a-1), whereas
dexmedetomidine exhibits a specificity of 1620:1 (207).

Muszkat et al. (209), while testing vasoconstrictor effects of dexmedetomidine by infusing
dexmedetomidine regionally, in the vessels of healthy volunteers, did not find any difference
between African and white patients. They also found that gene polymorphism did not affect
the veno-constrictor effects of dexmedetomidine. Yagar et al. (212), had however found a
statistically significant dexmedetomidine-induced sedation score in patients with different
gene alleles, which was not ethnicity related. In contrast, Tellor ez al. (211) found non-African

race to be an independently associated with failure of dexmedetomidine sedation.

This current study is the first to compare the impact of dexmedetomidine administration on
perioperative biomarker levels as a surrogate to myocardial damage between different ethnic
groups as well as the impact on clinical outcome measures such as length of ICU stay, length
of hospitalisation and other adverse events. Although the study is limited by a small sample
size, particularly a fewer number of African patients; a larger sample size may be able to

show a significant difference between ethnic groups.

8.3 Limitations

Comparisons of the impact of dexmedetomidine on perioperative biomarkers and clinical
outcome were limited by the small number of patients studied, particularly African patients.
Therefore, the results of our study should be interpreted with caution and can at best only be

hypothesis formulating and should be explored in a larger study.
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CHAPTER 9 : THE INFLUENCE OF DEXMEDETOMIDINE ON TROPONIN
CHANGES: A SYSTEMATIC REVIEW OF RANDOMISED CONTROLLED
TRIALS

9.1 Introduction

Studies that investigated the effects of dexmedetomidine on changes in biomarker and clinical
outcomes are few. Most of the studies published had small sample sizes. The meta-analyses
that have reported on effects of dexmedetomidine on outcomes in cardiac surgery have been

predominantly inclusive of postoperative sedation studies (238, 298-300).

Gong et al. (287), conducted the only meta-analysis of randomised controlled trials in the
literature, which included only cardiac patients with predominantly paediatric cardiac
patients. Their outcomes were however only haemodynamics parameters such as blood
pressure and heart rate. It was found to be important therefore to conduct a systematic review
and meta-analysis of randomised controlled trials that investigated the effects of
intraoperative dexmedetomidine on changes in troponin, LOS, mortality, and changes in other
biomarkers during cardiac surgery. A sub-analysis of the CABG group (oft- and on-pump) is

intended where feasible.

We used the population, intervention, comparison, outcome and study design (PICOS) model
to conduct a systematic review to evaluate the impact of intraoperative dexmedetomidine
compared to placebo or “other” therapy on outcomes in cardiac surgery. Randomised
controlled clinical trials (RCTs) of patients undergoing cardiac surgery reporting at least one
of the outcomes eligibly were included. A PubMed Central, Cochrane Library, ProQuest,
Web Of Science and Scopus search was conducted by two investigators independently. The
primary outcome was the impact of dexmedetomidine on change in troponin levels in ng/ml at
24 hours or on day-1 postsurgery. The secondary outcomes were the impact of
dexmedetomidine on ProBNP, CKMB and inflammatory (IL-6, IL-8, IL-1, TNFa)
biomarkers 24-hours postsurgery; length of stay in intensive care and hospitalisation, and
motarlity [short term (< 30days) and long term(> 30days)]. A quantitative synthesis of the

data was conducted and analysed.
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9.2  Background

Alpha-2 agonists are postulated to exert their cardioprotective effects by attenuating the
release of catecholamines and inhibiting stress-induced tachycardia (49, 99, 124). Through
their a-2A adrenergic and the imidazole-1 receptor mediated lowering of the central
sympathetic tone, they induce analgesia, are sedative and have anxiolytic effects (77, 78).
Major adverse cardiac events post cardiac surgery are emotionally devastating for the patient,
the family and the medical team (50) and have dire financial consequences (51). Sympatho-
modulatory therapies, including B-adrenergic blockers, regional anaesthesia and o2-

adrenergic agonists, are some of the modalities that were studied (65-68).

Dexmedetomidine administration in preclinical cardiac studies had shown some indication of
myocardial protection (285, 286). Human perioperative cardiac surgical clinical studies have
reported inconclusive evidence on myocardial protection in the use of dexmedetomidine (166,
177, 178, 180, 287). A meta-analysis by Geng et al. (239) that found significantly reduced
length of ICU stay had included intensive care sedation studies and an intraoperative study

with significant heterogeneity.

Gong et al. (299), in their review and meta-analysis of randomised controlled trials, included
both paediatric and adult patients. Their outcomes of interest were haemodynamic parameters
such as blood pressure and heart rate. We have not found a systematic review and meta-
analysis of RCTs that reported on the effects of dexmedetomidine on troponin changes in
cardiac surgery, compared to other therapy. No systematic review was found in the literature

reporting on the effects of dexmedetomidine on troponin changes in CABG surgery.

We performed a meta-analysis of RCTs to evaluate its benefit on troponin changes and other
outcomes in cardiac surgical cases [valve, on-pump coronary artery bypass graft (CABG),
mini-cardiopulmonary bypass coronary artery bypass graft (mini-CPB CABG), and off-pump
coronary artery bypass graft (OPCAB) surgery]| where dexmedetomidine was used

intraoperatively compared to other therapy.
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9.3 Methods

Prospective, randomised controlled trials that reported the use of intra-operative
dexmedetomidine in human adult cardiac surgery, compared with placebo or other therapy
from the same population, were included. The trials included were in published literature with
no language limitation, provided the authors could provide required data where ineligible. A
discriminator for dexmedetomidine dose, type of comparator, timing of intraoperative

commencement and discontinuation or combination with other therapy was not used.

9.3.1 Literature search

9.3.1.1 Search strategy and selection of studies

The Cochrane Library, Scopus and PubMed databases were searched systematically. The
Major MeSH terms and important keywords used to conduct the initial basic search were:
“dexmedetomidine”, “cardiovascular surgical procedure”, “surgical procedure, operative”,
“humans” and “adult”. The following filters were used: “human”, “01 Jan 2008 to April
20187, “+18years” and “randomised controlled trial”. Reference lists of relevant literature,
including reviews and meta-analyses, were further screened and studies of interest assessed
for inclusion into the analysis. Studies included were: randomised controlled trials; cardiac
surgical (valves, coronaries — both on- and off-pump, and other intra-cardiac procedures);
adult (>18 years old); description of use of dexmedetomidine intra-operatively in cardiac
surgery; and no language limitation. We retrieved studies from January 2008 to April 2018.

The complete search strategy is presented in a PRISMA 2009 Flow Diagram format in
Figure 9.1.

9.3.1.2 Data extraction and quality assessment

The titles and abstracts were scanned and full-text articles were independently retrieved by
two reviewers. Relevant citations were selected and disputes were resolved by consensus. A
third reviewer oversaw the process. We included published peer-reviewed articles. Authors of
studies with unclear or incomplete data were contacted to request detailed data. Studies where

complete data could not be found after an attempt to contact the authors were excluded.
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Standardised data extraction and quality assessment sheets were used as follows: The data
extraction sheets were in an Excel spreadsheet format and included the characteristics of the
studies (main author and reference) and of patients enrolled including for both the
dexmedetomidine and control group. For each trial, data on sample size, type of cardiac
surgery, population demographics (age and gender), left ventricular ejection fraction (LVEF)
(%), cardiopulmonary bypass (CPB) time (in minutes) were extracted and tabulated (Table

9.1).

Data on type of study (randomised controlled trial only were included for analysis), type of

troponin assayed, and other cardiac biomarkers such as ProBNP and CKMB were collected.
Data on inflammatory biomarkers such as IL-6, IL-8, IL-1 and TNFa were also tabled. Data
were reported as mean/median and SD/IQR and measurement units where necessary (eg.

ng/ml).

Statistical calculators were used to convert the entries into a single uniform representation [eg
data presented as median (IQR) were converted to mean (SD)] using Stata/SE 13.1 statistical
software (Copyright 1985-2013 Stata Corp LP Statistics/Data Analysis Stata Corp 4905
Lakeway Drive Special Edition College Station, Texas 77845 USA 800-STATA-PC
http://www.stata.com, stata@stata.com and VassarStats: Website for Statistical Computation

— http://www. http://vassarstats.net. Data were verified independently for accuracy and

consistency of data entry.

Clinical outcomes were also charted on their separate sheet and included length of stay in
ICU, length of hospitalization and mortality. Those that reported length of stay in days were
separated from those reporting in hours. Mortality data was divided into short term (within 30
days) and long term. The different tables were imported into Review Manager 5.3 software
(The Nordic Cochrane Centre, Copenhagen, Denmark) used for preparing and maintaining
Cochrane Reviews. Review Manager facilitates preparation of protocols and full reviews,

including text, characteristics of studies, comparison tables, and study data.
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The Cochrane Risk of Bias Methods format was used for methodological quality assessment

of trials to evaluate the quality of included trials (Table 9.2). The methods included: random

sequence generation; allocation concealment; blinding of participants and personnel; blinding

of outcome assessment; incomplete outcome data; selective reporting; and other bias. A

judgement of “high”, “low” or “unclear” risk of material bias was then made. Disagreements

were resolved through discussion and a third reviewer was consulted if consensus was not

reached.

Patients who received any dose of dexmedetomidine were treated as the dexmedetomidine
group, and patients who received placebo/saline or any other therapy were treated as the
control group. For a study with multiple groups, the dexmedetomidine groups and the

comparator groups were combined to form a single dexmedetomidine and a single control

group.
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9.3.2 Statistical analysis

Extracted data from included studies were used to calculate the mean differences /
standardised mean differences for continuous outcomes, odds ratios for binary outcomes, 95%
confidence intervals and two-sided p-values for each outcome. A p-value < 0.05 was
considered statistically significant. The presence of statistical heterogeneity of outcomes
across trials was assessed using the I> measure, and 1>>50% when p<0.10 indicated substantial

heterogeneity.

Trials with significant heterogeneity were reported as standardised mean differences and
those with insignificant heterogeneity as mean differences. Overall effects in studies with
significant heterogeneity were reported as random effects and those with insignificant
heterogeneity as fixed effects. Meta-analyses were performed with the assistance of a
biostatistician using the RevMan 5.3 (The Nordic Cochrane Centre, Copenhagen, Denmark)
statistical software. Power analysis was performed using Stata/SE 13.1 statistical software
(Copyright 1985-2013 Stata Corp LP Statistics/Data Analysis Stata Corp 4905 Lakeway
Drive Special Edition College Station, Texas 77845 USA 800—-STATA-PC

http://www.stata.com, stata@stata.com).

9.3.3 Inclusion and exclusion criteria
The inclusion criteria of eligible studies were as follows:
1) prospective, randomised controlled trials published after 1 January, 2008;
2) studies of adult patients who underwent cardiac surgery;
3) use of intraoperative dexmedetomidine administration;
4) comparison of the effects of dexmedetomidine with placebo or other therapy;
and
5) availability of detailed data.

The exclusion criteria were as follows
1) single-arm studies;

2) in vitro studies;
3) trials which did not report on any of the endpoints;
4) case reports; and

5) retrospective studies.
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9.3.4 Primary and secondary data points
Primary endpoints

1) change in troponin levels in ng/ml at 24 hours or on day-1 postsurgery

Secondary endpoints
1) change in CKMB in ng/ml at 24-hours or on day-1 postsurgery
2) change in IL-6 in pg/ml at 24-hours or on day-1 postsurgery
3) change in TNFa in pg/ml at 24-hours or on day-1 postsurgery
4) length of stay in ICU (days/hours)
5) length of hospitalization (days)
6) mortality

Subgroup analyses
1) a sub-analysis of the primary and secondary data points in a coronary artery

bypass graft surgery (on- and off-pump) subgroup.

9.4 Results

9.4.1 Analysis of included studies

Fifteen studies were included with 1464 patients. The baseline characteristics of the study
patients are shown in Table 9.2. The mean age for the patients varied between 50 and 70
years. The percentage of males reported in the studies ranged from 47 to 71. Less than half of
the studies (7/15) reported on patients’ preoperative LVEF values. Five studies (178, 289-
292) reported use of calcium channel blockers, angiotensin converting enzyme
inhibitor/angiotensin receptor blocker, B blockers, statins, nitrates or anti-platelet drugs. In
four of these there was no statistical difference in use of these drugs between groups (289-
292), whereas Kim et al. (178) found a significant percentage of patients in the control group

to be on angiotensin receptor blocker and anti-platelet drugs.

Twelve studies used a placebo as a comparator (106, 166, 171, 178, 180, 287, 289, 291-295).
Only three of the studies included (106, 294, 296) compared dexmedetomidine with placebo
in the absence of other cardioprotective agents such as volatile agents (148) and morphine

(49), while one study was unclear on its methodology (292). Only one study reported on long-
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term mortality (178). A judgement of “low” risk of bias was made on eight of the studies
(Table 9.1). OPCAB was performed in four studies (166, 178, 287, 294). CABG surgery (on-
pump) was performed in two studies (180, 297).
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Table 9.1: Methodological quality assessment of trials by author

(+) = low risk of bias, (?) = unclear, (-) = high risk of bias. Total number of patients = 1464

Incomplete outcome data (attrition bias)

+ | Random sequence allocation (selection bias)

+ | Allocation concealment (selection bias)

+ | Blinding of participants and personnel

+ | Blinding of outcome assessment (detection bias)

z
5 "
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= 2 =
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= < 8 °
s -8 8 = =
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> S, 8 o =
k=) Gy = <4 m 15}
£ ) 5 5 8 g
5 e : 2 f 3
: g s ER
< z £ # O O
Tosun 2012 38 + + + | Unclear
Khalil 2013 50 + + + + + + + | Unclear
Ren 2013 162 + ? ? ? + + + | Unclear
Kim 2014 153 + + + + + + + | Computer generated
Ueki 2014 37 + + + + + + + | Sealed envelope
Cho 2016 200 + ? ? ? + + + | Unclear
Bulow 2016 23 + ? ? ? + + + | Unclear
Chi 2016 100 + ? ? ? + + + | Computer generated
Ammar 2016 50 + + + + + + + | Computer generated
Soliman 2017 150 + + + + + + + | Coin tossing
Li2017 285 + + + + + + + | Sealed letters
Wang 2017 96 + - - - - + + | None
Huang 2017 30 + + + ? + + + | Sealed envelope
Turktan 2017 60 + - - - - + + | None
Zhang 2013 30 + ? ? ? ? ? ? | Unclear
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Table 9.2: Characteristics of enrolled studies

1% author, year (ref) Age Male LVEF CPB Surgical type Sample
(%) (%) (min)
Tosun. 2013 (180)  62(10) 71 55(9) 128(35) CABG 38
Khalil 2013 (294) 59(10) 62 56(6) n/a OPCAB 50
Ren 2013 (166) 59(5) 33 - n/a OPCAB 162
Kim 2014 (178) 65(4) 80 - n/a OPCAB 153
Ueki 2014 (171) 70(11) 43 - 134(80)  Valve+ CABG 37
Cho 2016 (292) 61(13) 48 62(11) 131(53)  Valve +CABG, aorta 200
Bulow 2016 (106) 62(7) 65 - 91(23) CABG mini-CPB 23
Chi 2016 (287) 55(7) 60 57(8) n/a OPCAB 100
Ammar 2016 (289)  57(7) 76 - 66(6) CPB cases 50
Soliman 2017 (290)  53(10) 51 45(4) - Valve + CABG 150
Li2017 (291) 64(4) 69 67(5) 104(14)  Valve + CABG 285
Wang 2017 (296) 56(7) 53 - - Valve 96
Huang 2017 (293) 50(10) 47 59(8) 118(28)  Valve 30
Turktan 2017 (297)  57(15) 63 - 117(35)  CABG 60
Zhang 2013 (295) 45-64 - - - Valve 30
Total 1464

* LVEF - left ventricular ejection fraction; CPB — cardio-pulmonary bypass; OPCAB — off-pump coronary artery bypass
graft surgery; CABG — on-pump coronary artery bypass graft surgery

9.4.2 Meta-analysis of the impact of intraoperative dexmedetomidine on outcomes
Data synthesis and meta-analyses were performed (Figures 9.2 to 9.16). There was a
statistically significant reduction in changes in ¢cTn, TNFa and IL-6 levels at 24-hours/day-1
postsurgery in the dexmedetomidine group compared to control (MD -0.35; 95% CI -0.44, -
0.25; p<0.00001, I? = 94%), (SMD -2.37; 95% CI -3.60, -1.15; p<0.001, I’=76%) and (SMD -
1.26; 95% CI -1.97, -0.55; p=0.0005, 1>=42%) respectively. There was, however, significant
heterogeneity in troponin and TNFa estimates. Intraoperative dexmedetomidine showed a
statistically significant decrease in length of ICU stay (hours) compared to control (SMD -
0.98; 95% CI -1.84, -0.12; p=0.03, I* = 94%) with significant heterogeneity.
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There was a tendency towards a reduction in short-term mortality and length of
hospitalisation in the dexmedetomidine group (OR 0.36; 95% CI 0.11, 1.13; p=0.08; 1>=0%)
and (SMD -0.30; 95% CI -0.64, -0.03; p=0.07, I>= 79%) respectively. No significant
differences were found in the estimates for 24-hour CKMB and IL6 change, LOS in ICU
(days), and long term mortality.

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Ammar 2016 031 018 25 0.77 0.58 25 13.6% -0.46[-0.70,-0.22] ———
Kim 2014 1.95 145 79 193 142 74 3.7%  0.02[-0.43,0.47]
Ren 2013 113 1 81 14 127 81 62% -0.27[-0.62,0.08]
Tosun 2013 0.38 0.63 18 043 06 20 5.0% -0.05[-0.44,0.34]
Wang 2017 112 027 48 148 025 48 71.4% -0.36[-0.46, -0.26] ——
Total (95% CI) 251 248 100.0% -0.34 [-0.43, -0.25] e
3 12 _ . - -2 = + : J :
Heterogeneity: Chi’ = 5.77, df = 4 (P = 0.22); I* = 31% s o5 ) 055 oS

Test for averall effect: Z = 7.54 (P < 0.00001) Favours [Dexmedetomidine] Favours iControI]

Figure 9.2: Analysis of ¢cTn change 24 hours (ng/ml)

Dexmedetomidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Ammar 2016 22.8 1041 25 276 15.52 25 15.5%  -0,36 [-0,92, 0.20] —
Kim 2014 762 6.85 79 776 771 74 19.2%  -0,02 [-0.34, 0.30] ——
Ren 2013 14.55 15.61 81 17.03 19.41 81 194% -0,14[-0.45,0.17] .
Tosun 2013 65.25 984 18 24 24 20 141% 0,58 [-0,07, 1.23] N L T
Ueki 2014 20,2 14.87 18 19.85 17.78 19 14.2% 0,02 [-0.62, 0.67] G
Wang 2017 56.15 84 48 67.59 11.36 48 17.5%% -1,14[-1.57,-0.70] _—
Total (95% CI) 269 267 100.0% -0.20[-0.61,0.21) q
Heterogeneity: Tau’ = 0,21; Chi’ = 25.57, df = 5 (P = 0.0001); I* = 80% ) 3 ) T ¥
Test for overall effect: Z = 0.95 (P = 0.34) Favours Drxmedetomidine Favours Control
Figure 9.3: Analysis of CKMB change 24 hours (ng/ml)
Dexmedetomidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Ammar 2016 229 49 25 438 84 25 50.5% -2.99(-3.82,-2.17] —
Zhang 2013 438 56 15 S18 29 15 49.5% -1,75(-2.60,-0.89] ——
Total (95% CI) 40 40 100.0% -2.37[-3.60, -1.15] e
Heterogeneity: Tau? = 0.59; Chi* = 4.21, df = 1 (P = 0.04); * = 76% _14 _52 ) } &
Test for overall effect: Z = 3.81 (P = 0.0001) Favours [Dexmedetomidine] Favours [Control|
Figure 9.4: Analysis of TNFa change 24 hours (pg/ml)
Dexmedetomidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ueki 2014 22 18 18 52 40 19 56.1% -0,94[-1.62,-0.25] —i—
Zhang 2013 682 56 15 825 104 15 43.9% -1,67[-2.51,-0.82] ——
Total (95% CI) 33 34 100.0% -1.26[-1.97,-0.55] s
Heterogeneity: Tau’ = 0.11; Chi* = 1.72, df = 1 (P = 0.19); I* = 42% _14 _52 t )

; 0
Test for overall effect: Z = 3.48 (P = 0.0005) Favours [Dexmedetomidine] Favours [Control)

Figure 9.5: Analysis of IL-6 change 24 hours (pg/ml)
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Dexmedetomidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD__Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Ammar 2016 792 232 25 934 248 25 169% -0.58[-1.15,-0.02] o |
Chi 2016 47.78 9.84 67 419 6 33 17.4% 0.67 [0.24, 1.09] o
Huang 2017 28,9 7 15 341 66 15 16,0% -0,74 [-1.49, -0.00] ————]
Khalil 2013 206 2.07 25 365 7.17 25 15.6% -2.97[-3.79,-2.14] —_—
Li 2017 45 0.89 142 46  0.72 143 17.9% -1.23[-1.49, -0.98] -
Tosun 2013 67.23 8.1 18 83.05 15.86 20 16.2% -1.21[-1.91,-0.51] —_—
Total (95% CI) 292 261 100.0% -0.98 [-1.84, -0.12] —cagfigee
Heterogeneity: Tau® = 1,06; Chi* = 84.47, df = 5 (P < 0,00001); I = 94% _i4 g ) | P

Test for averall effect: Z = 2.24 (P = 0.03)

Figure 9.6: Analysis of length of stay in ICU (hours)

Favours Dexmedetomidine Favours Control

Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD _Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Bulow 2016 4 1 12 4 1 11 1.1% 0,00 [-0.82, 0.82] —_—
Cho 2016 3 061 100 2.75 0.14 100 47.0% 0.25[0.13, 0.37] -
Kim 2014 2.25 0.38 79 2.49 0.38 74 48,7% -0,24 [-0.36, -0.12] -
Soliman 2017 4.38 1.35 75 5.03 1.89 75 2.6% -0.65 [-1.18, -0.12] —_—
Turktan 2017 3.16 0.98 30 3.5 262 30 0.7% -0.34 [-1.34, 0.66]
Total (95% CI) 296 290 100.0% -0.02[-0.10,0.07])
Heterogeneity: Chi* = 37.33, df = 4 (P < 0.00001); I* = 89% - " t 3
Test for averall effect: Z = 0.43 (P = 0.67) Favours |[Dexmedetomidine] Favours [Control]
Figure 9.7: Analysis of length of stay in ICU (days)
Dexmedetomidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ammar 2016 6.6 2.3 25 86 26 25 11.1% -0.80[-1.38, -0.22]
Bulow 2016 7 1 12 8 2 11 8,0% -0.62 [-1.46, 0.22]
Chi 2016 15.45  2.15 67 16,4 2 33 13.3% -0.45[-0.87, -0.03] .
Khalil 2013 5.76 1.01 25 6.96 0.97 25 10.7% -1.19[-1.80, -0.59] +———
Kim 2014 8.77 1.93 79 84 157 74 14.7% 0.21[-0.11, 0.53] 7 . TR
Li 2017 9 061 142 9 0.61 143 15.7% 0.00 [-0.23, 0.23] TR TR
Soliman 2017 6.88 2.64 75 8.03 2.85 75 14.6% -0.42 [-0.74, -0.09] T
Turktan 2017 106 4.08 30 8.86 3.1 30 12.0% 0.47 [-0.04, 0.99] S TEE
Total (95% CI) 455 416 100.0% -0.30[-0.62, 0.03]  —esnfiiE
Heterogeneity: Tau® = 0.16; Chi? = 34,09, df = 7 (P < 0,0001); 1> = 79% _#1 -d' 3 5 o:s i
Test for overall effect: Z = 1.80 (P = 0.07) Favours Dexmedetomidine Favours Control
Figure 9.8: Analysis of length of stay in hospital (days)
Dexmedetomidine Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ammar 2016 0 25 0 25 Not estimable
Cho 2016 1 100 5 100 45.6% 0.19 [0.02, 1.67] —_—l
Li 2017 2 142 4 143  36.2% 0.50 [0.09, 2.75] _—
Soliman 2017 1 75 2 75 18.2% 0.49 [0.04, 5.56] -
Total (95% CI) 342 343 100.0% 0.36 [0.11, 1.13] g R
Total events 4 11
Heterogeneity: Chi* = 0.53,df = 2 (P = 0.77); I’ = 0% , t t J
Test for averall effect: Z = 1.75 (P = 0.08) S I.'?éimedetom Control 10 100
Figure 9.9: Analysis of short-term mortality
Dexmedetomidine Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2014 0 79 2 74 100.0% 0.18[0.01, 3.86] N
Total (95% CI) 79 74 100.0%  0.18 [0.01, 3.86] e AR
Total events 4] 2
Heterogeneity: Not applicable 2 :002 0?1 170 5 60

Test for averall effect: Z = 1.09 (P = 0.27)

Figure 9.10: Analysis of long-term mortality

Dexmedetom Control
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Eight (8) studies were included in the analysis for length of hospitalisation and a funnel plot

of studies reporting on hospitalisation showed no publication bias (Figure 9.11).
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Figure 9.11: Funnel plot: length of hospital stay (days)

9.4.3 Coronary artery bypass graft subgroup analyses

Dexmedetomidine statistically significantly reduced length of stay in ICU (days) (MD -0.24;

95% CI-0.35, -0.12; p<0.0001). Although the results show a tendency towards a reduction in

length of hospitalisation and changes in ischaemic biomarkers cTn and CKMD at 24-

hours/day-1 in the dexmedetomidine group, they did not reach statistical significance.

Dexmedetomidine

Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% CI
Kim 2014 195 145 79 193 142 74 24.9% 0,02 [-0.43,0.47]

Ren 2013 113 1 81 14 127 81 416% -0.27[-0.62,0.08] —_—
Tosun 2013 0.38 063 18 043 06 20 33.5% -0,05[-0.44,0.34] —_—
Total (95% CI) 178 175 100.0% -0.12[-0.35, 0.10)

Heterogeneity: Chi* = 1.18, df = 2 (P = 0.55); I* = 0%
Test for averall effect: Z = 1.07 (P = 0.28)

Figure 9.12: Analysis of cTn change 24 hours coronary subgroup (ng/ml)
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Dexedetomidine Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% CI
Kim 2014 762 685 79 776 771 74 844% -0,14[-2,46, 2.18]
Ren 2013 14.55 1561 81 17.03 19.41 81 154% -2.48[-7.90, 2.94]
Tosun 2013 65.25 984 18 24 24 20  0.2% 41.25(-5.41,87.91] >
Total (95% CI) 178 175 100.0% -0.41[-2.54,1.71)

Heterogeneity; Chi* = 3.67, df = 2 (P = 0.16); I* = 46%

-10

<5

g 10
Test for averall effect; Z = 0.38 (P = 0.70) Favours |[Dexmedetomidine] Favours [Control]
Figure 9.13: Analysis of CKMB change 24 hours coronary subgroup (ng/ml)
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean  SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
Chi 2016 47.78 9.84 67 419 6 33 34.0% 0.67 (0,24, 1.09]
Khalil 2013 206 2.07 25 365 717 25 32.8% -2,97[-3.79,-2.14]
Tosun 2013 67.23 8.1 18 83.05 15.86 20 33.2% -1.21[-1.91,-0.51]
Total (95% CI) 110 78 100.0% -1.15[-3.26,0.97)
Heterogeneity: Tau® = 3,38; Chi* = 66,49, df = 2 (P < 0,00001); 1> = 97% i j‘
Test for averall effect: Z = 1.06 (P = 0.29) Favours [experimental] Favours [control]
Figure 9.14: Analysis of length of stay in ICU coronary subgroup (hours)
Dexmedetomidine Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% C|
Bulow 2016 4 1 12 4 1 n 2.1% 0,00 [-0.82, 0.82]
Kim 2014 225 0.38 79 2.49 0.38 74 96.5% -0.24[-0.36, -0.12] _._
Turktan 2017 3.16  0.98 30 3.5 262 30 14% -0,34[-1,34,0.66] +
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Heterogeneity: Chi? = 0.37, df = 2 (P = 0.83); I* = 0% :_1 g + ) 075 11
Test for averall effect; Z = 3.91 (P < 0.0001) Favours [Dexmedetomidine| Favours [Control)
Figure 9.15: Analysis of length of stay in ICU coronary subgroup (days)
Dexmedetomidine Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% ClI
Bulow 2016 7 1 12 8 2 11 15.8%  -0.62 [-1.46,0.22] B
Chi 2016 15.45  2.15 67 164 2 33 21.7% -0.45[-0.87,-0.03] —_—
Khalil 2013 5.76 1.01 25 6.96 0.97 25 19.1% -1.19[-1.80,-0.59] —
Kim 2014 8.77 193 79 84 157 74 22.9% 0.21[-0.11, 0.53] N
Turktan 2017 106 4.08 30 8.86 3.1 30 20.4% 0.47 [-0.04, 0.99]
Total (95% CI) 213 173 100.0% -0.28 [-0.83, 0.28] ’—
Heterogeneity: Tau® = 0.32; Chi* = 24,98, df = 4 (P < 0,0001); I = 84% :_2 _i i 2:
Test for averall effect: Z = 0.98 (P = 0.33)
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Figure 9.16: Analysis of length of stay in hospital coronary subgroup (days)

9.5  Reliability of data

The event rate for the analysis of short-term mortality in the dexmedetomidine group was 1%

and 3% in the control group with the difference in event rate of (2%). To obtain a power of

80% and a two-sided o of 0.05 with this difference, we would need an estimated sample size

of 1436 patients with 719 in the placebo group and 717 in the dexmedetomidine group.
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9.6  Discussion

Our meta-analysis included RCTs where dexmedetomidine was administered intraoperatively
during cardiac surgery. A total sample size of 1434 patients was included in the 14 studies.
This meta-analysis is the first to provide an analysis of RCTs on the impact of intraoperative
dexmedetomidine on outcomes in cardiac surgery. The meta-analysis was underpowered.
Previous published systematic reviews and meta-analyses have included intraoperative
cardiac studies together with postoperative ICU sedation studies (239, 298, 300, 301), with a

resultant clinical and statistical heterogeneity.

Our analysis included all types of adult cardiac surgery on and off CPB in adult patients. The
analysis was not a dose finding study, nor did it discriminate against timing and duration of
intraoperative administration. The different types of cardiac surgery, different populations,
control/comparator drugs, outcome measures and timing and dosage of the intervention drug

placed our meta-analysis in the same predicament of heterogeneity.

An example of this is the variability of myocardial injury during cardiac surgery, which is
known to be particularly lower during OPCAB surgery than in other cardiac surgical
procedures (298). Different infusion rates of dexmedetomidine were used in different studies
and ranged from 0.2pg/kg/hr to 0.9ug/kg/hr. Initiation of infusion was preinduction in some
(170, 290, 291, 295, 297), postinduction in others (178, 289), and extended to 24-hours in
ICU in one study (292). Myocardial protection outcomes were not the primary outcome in a
number of included trials as one was set out to look at renal outcomes (292), whereas another

looked at delirium as an outcome (291).

A number of studies investigated the effects of dexmedetomidine on biomarkers in cardiac
surgery. However, several of them reported their results in the form of graphs with no backup
raw data to allow for inclusion in the analysis (170-172, 177, 287, 293). The lack of response
from authors who reported on cardiac and inflammatory biomarkers in the form of graphs
may have created a bias as the addition of these outcomes in this meta-analysis may have had
a different result. In particular, our analysis reports on changes in TNF-a with the exclusion

of a study by Farsad et al. (172), who had found an increase in TNF-a in their
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dexmedetomidine group in comparison with placebo, whereas the studies we included had

found a decrease.

The effect of non-surgical strategies (drugs) employed intraoperatively in the studies included
was not quantified to assess if these did not confound the impact of dexmedetomidine on
outcomes. A recent consensus process has found the following parameters to reduce mortality
in cardiac surgery: “aspirin, glycaemic control, high-volume surgeons, prophylactic intra-
aortic balloon pump, levosimendan, leuko-depleted red blood cells transfusion, non-invasive

ventilation, tranexamic acid, vacuum-assisted closure, and volatile agents”(148).

In nine studies anaesthesia was maintained with a volatile agent (106, 171, 177, 178, 180,
287,290, 291, 293, 295). Volatile agents are known to confer myocardial protection through
preconditioning (146, 148). Morphine, with its effects on attenuation of ischaemic and
inflammatory effects, was also used in combination with sevoflurane in a study by Chi et al.

(177, 287). Methylprednisone was added intraoperatively in two studies (180, 297).

A subgroup analysis of coronary artery bypass graft surgery cases was performed. We found a
statistically significant association with a reduction in length of stay in ICU. This result, with
a homogenous dataset, has not been reported before in a meta-analysis but follows on the

results of a meta-analysis that recruited predominantly cardiac surgical sedation studies (239).

Interpretation of these results should take into consideration drugs used for sedation in ICU,
which often include opioids and benzodiazepines leading to prolonged sedation (298, 302). It
is also important to note the tendency towards a protective effect of dexmedetomidine
evidenced by analysis of ischaemic biomarkers, which may on the other hand contribute

towards reduced LOS in ICU.

Although the meta-analysis of the included RCTs goes a long way in signalling the impact of

dexmedetomidine in cardiac surgery, the results should be interpreted with caution. The
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heterogeneity related to methodology, participants, control drugs and outcomes of the trials
included precludes generalisation of the results and therefore mandates a study with a large

sample size (303).

9.7  Conclusion
Intraoperative administration of dexmedetomidine in adult cardiac surgery patients
significantly reduced length of stay in ICU (hours) and attenuated increases in troponin,

TNFa and IL-6 levels on postoperative day 1 in this meta-analysis.

Although there is a signal of improved outcome in cardiac patients who received
dexmedetomidine intraoperatively, the sample sizes are small, and the heterogeneity is
marked in most of the analyses for one to draw generalised conclusions. Further research with
large sample sizes is likely to have an important impact on our confidence in the estimate of

effects found in this meta-analysis.

We therefore await the reporting of results of the “Dexmedetomidine and Outcomes of
Cardiac Surgery (DOCS)” trial (ClinicalTrials.gov Identifier: NCT02237495) which is
expected to enrol 1000 patients and be complete in 2018 as well as the “Low Dose
Dexmedetomidine and Delirium After Cardiac Surgery (LOWDEXDEL)” trial
(ClinicalTrials.gov Identifier: NCT03388541) which is expected to be complete in 2019.

148



CHAPTER 10 : SUMMARY OF RESULTS

10.1 Findings in this current study

10.1.1 Addressing the gap in knowledge

o

In this current study, we described the effects of dexmedetomidine on hs-cTnT that have
not been described before, and calculated a post-hoc sample size for a power of 80% with

an o angle of 0.05 given the difference in means that we found.

In a sub-analysis of the our dexmedetomidine group from the clinical trial, we
investigated the additional influence ethnicity potentially had on changes in troponin,

which has not been found in the literature.

In a sub-analysis of the CABG surgery group we described the impact of

dexmedetomidine on c¢Tn for the pooled data, which has not been described before.

In a systematic review and meta-analysis, we determined the estimates for the effect of
dexmedetomidine on mortality in cardiac surgery, which has not been described before,

although the analysis was under-powered.

10.1.2 The impact of dexmedetomidine on outcomes in CABG surgery

o

o

We did not find evidence that dexmedetomidine attenuated the rise in ischemic biomarker

levels.

There was no evidence that dexmedetomidine modulated the inflammatory response to

surgery as evidenced by the lack of difference in IL-6 and IL-10.
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Length of ICU stay was longer in patients who received dexmedetomidine. Although this
result did not reach statistical significance, it suggests that dexmedetomidine might be

detrimental.

There was no difference in the rate of adverse events between dexmedetomidine vs.

placebo group, implying that dexmedetomidine was not protective.

Patients who received dexmedetomidine were hospitalized for a longer period. Their
baseline characteristics, including renal function, were not statistically different — once
again implying that dexmedetomidine could be detrimental. However, the effects of other

sedative drugs used in ICU and their confounding properties were not explored.

Aortic cross-clamp time and cardiopulmonary bypass time had a strong relationship with

length of stay in ICU and adverse outcome.

There was also a significant relationship between baseline hs-cTnT, a marker of
myocardial injury, with CRP, a known inflammatory marker in endothelial disease and
atherogenesis, and NT-proBNP, an indicator of myocardial wall tension that acts to
modulate a multisystem response to cardiac failure. This might indicate that the
preoperative status of the patients subsequently determines their perioperative course and

outcomes.

This current study has shown an association between dexmedetomidine administration
and prolonged hospital stay in the first week. The study was not designed to compare
dexmedetomidine with drugs used in ICU, but with placebo. Previous literature has,
however, shown dexmedetomidine to prolong length of stay when compared with
propofol and remifentanil. Propofol and remifentanil were used in our ICU but their
effects were not analysed. These drugs may have contributed to the prolonged length of
stay found in our study. The possible effects of the prolonged context-sensitive half-life of

dexmedetomidine post infusion did not form part of our study.

150



o

There was a significant association between biomarkers and outcome, consistent with the
literature: preoperative hs-cTnT and NT-proBNP levels, as well as delta hs-cTnT levels,
were independent predictors of 30-day mortality. Ejection fraction and age were found to

be significant independent predictors of 30-day mortality.

10.1.3 Pharmacoethnicity

o

The baseline hs-cTnT in African patients was statistically significantly higher than in the
other ethnic groups of Whites and Indians. The change in troponin over 24 hours

postoperatively between these two groups was not statistically significant.

African patients in the dexmedetomidine group also had a statistically significantly higher
NT-proBNP when compared to those in the non-dexmedetomidine group. This did not

translate into worse clinical outcomes.

Although this current study was not powered to show statistical difference in this regard,
as this was a sub-analysis, the results are meant to be hypothesis forming in this relatively

new field of study.

There was no difference on the impact of dexmedetomidine administration either on bio-
marker levels or clinical outcomes when patients where compared according to gender.

10.1.4 Ethnic and gender differences in cardiovascular risk factor profile

o

African patients were marginally older at presentation than the combined group of white

and Indian patients.

There was a significantly higher prevalence of diabetes mellitus in Indian patients (68%)

compared with the other 2 ethnic groups.
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o

o

Female patients presented with a significantly higher prevalence of dyslipidaemia than
males. However, there were no significant differences between gender groups with regard

to BMI.

African patients also presented with marginally raised perioperative biomarker profiles

(CRP and hs-cTnT), when compared with other ethnic groups.

10.1.5 Meta-analysis of the effects of dexmedetomidine on outcomes in cardiac surgery

o

with a coronary artery bypass graft surgery sub-analysis
There was a tendency towards better mortality outcomes in patients that received

dexmedetomidine.

Although there is this signal of improved mortality and other outcomes in cardiac patients
that received dexmedetomidine intraoperatively, the analysis is underpowered, and the

heterogeneity is marked in most of the analyses for one to draw generalised conclusions.

Further research with large sample sizes is likely to have an important impact on our

confidence in the estimate of effects found in this meta-analysis.

The common limitation between this clinical trial, previous prospective clinical studies
and this meta-analysis is that of inadequate power. More studies are necessary for the
purposes of pooling data and larger studies with less clinical and statistical bias are still

warranted.

10.2 Conclusions

Dexmedetomidine did not show a reduction in the postoperative hs-cTnT profile or better

clinical outcomes when compared with placebo. In a meta-analysis, a subgroup analysis of the
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impact of dexmedetomidine on cTn and CKMD at 24-hours/day-1 in CABG did not show

statistically significant differences compared to other therapy.

A statistically significantly prolonged length of hospitalisation was found in the
dexmedetomidine group, instead. The possible contribution of its prolonged context-sensitive
half-life has to be borne in mind, together with confounding sedatives administered in ICU.
Dexmedetomidine did not manifest any other clear adverse outcome, particularly with regards

to mortality rates.

In a meta-analysis of randomised controlled trials, there was a tendency towards a reduction
in mortality in the dexmedetomidine group with no heterogeneity. Intraoperative
administration of dexmedetomidine in adult cardiac surgery patients showed a statistically
significantly reduced length of stay in ICU(hours) and attenuated increases in troponin, TNFo

and IL-6 levels on postoperative day 1.

Generally, the small sample sizes of the studies reported create a difficulty in generalising for
entire populations. Reporting of results of the “Dexmedetomidine and Outcomes of Cardiac
Surgery (DOCS)” trial (ClinicalTrials.gov Identifier: NCT02237495) which is expected to
enrol 1000 patients and be complete in 2018 and the “Low Dose Dexmedetomidine and
Delirium After Cardiac Surgery (LOWDEXDEL)” trial (ClinicalTrials.gov Identifier:
NCT03388541) which is expected to be complete in 2019, will likely give a better indication
towards outcomes. Inclusion of these in the meta-analysis will strengthen the level of

evidence.

10.3 Recommendations

As we await results from the DOCs and LOWDEXDEL studies, perhaps we should start
investing towards exploring the concept of “multimodal cardioprotection”, together with the
“multi-biomarker” concept. Meanwhile, to clarify data that seem to infer one agent as
superior to another, a five-winged study comparing dexmedetomidine, a volatile agent

(sevoflurane), lignocaine, morphine and ketamine would be ideal. It should be planned to
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investigate the impact of these agents on ischaemic markers; inflammatory markers; LOS in

ICU and hospital; and mortality is warranted.

A conclusion would assist in the choice of better and more cost-effective drug combinations,
particularly in low income countries. Inclusion of ongoing studies and results from studies
published with unclear data into a meta-analysis of ischaemic and inflammatory marker
response to dexmedetomidine infusion during CABG would also be ideal in consolidating the

data and assessing the outcome of pooled data.
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APPENDICES

Appendix 1: Medicines Control Council

. _BB/B?/_QBE 89:48 _ B123358775 CEAT

PAGE @1/81
health
Department:
Health
REPUBLIC OF SOUTH AFRICA
MEDICINES CONTROL COUNCIL
The Registrar of Medicines, Private Bag X828, PRETORIA, 0001
Tel 012 395 8000 Fax 012 395 9201
Tel: Inquiries!
Fax: Reference:
FAX AND MAIL TO:
MR PHILIP MABILLE
Or P Motshabi N2/19/8/2 (2703)
Department of Anaesthesia
* 09 July 2013
Chris Hani Baragwanath Hospital Datum * Date oy
Tel: 0123958129
Fax: 0123958775
Fax: 0865270585
Dear Dr Motshabi,
PROTOCOL: M111179
TITLE: DEXMEDETOMIDINE IN CORONARY ARTERY BYPASS GRAFT SURGERY: EFFECTS

ON MYOCARDIAL ISCHEMICG MARKERS, INFLAMMATORY MARKERS, INTENSIVE
CARE UNIT AND HOSPITAL STAY

RE : ADDITIONAL CTC QUERIES

Study category 2A
1.5ubmit a complete exclusion ¢riteria in the application form (page 16 of 3 CTF1 ,point F ) which in edited form is
incomplete.

Regards,

 ARILIP MA BILLE
ND-ON BEHALF OF REGISTRAR OF MEDICINES

ETHICS REFERENCE NO: 201 30136

Page 10f 1
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Appendix 2: Human Research Ethics Committee

.UNIVERSITY OF THE WITWATERSRAND. JOHANNESBURG

Division of the Deputy Registrar (Research)

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
R14/49 Dr Palesa Motshabi

CLEARANCE CERTIFICATE MI111179

PROJECT D Dexmedetomidine during Coronary Artery
Bypass Graft Surgery: Effects on Ischaemic
and Inflammatory
Markers, Mortality, Length
Intensive Care Unit and Hospital Stay

INVESTIGATORS Dr Palesa Motshabi
DEPARTME Department of Anaesthesia
DATE CONSIDERED 25/11/2011

DECISION OF THE COMMITTEE* Approed unconditionally

Unless otherwise specified this ethical clearance is valid for 5 vears and may be renewed upon

DATE 11/09/2013 CHAIRPERSON ) ; ;E G

(Professor PkE{Z Cleaton Jones)

*Guidelines for written ‘informed consent” attached where applicable

cc: Supervisor : Dr M Nethononda

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

I/We fully understand the conditions under which I am/we are authorized to carry out the abovementioned
research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the
Committee. I agree to a completion of a yearly progress report.

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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Appendix 3: Postgraduate Committee

Dear Dr Motshabi

| have pleasure in informing you that the tile of your research has been approved. However, we are
unable to send you the formal approval letter as it is system generated and our system is down until
mid-January 2013. As soon as the letter is generated, it will be sent to you.

YYou may in the meantime, proceed with your research as long as you have obtained the Ethics
Clearance.

You will be required to submit to the Faculty Office on submission of the report:
* PhD Three/Masters two bound copies of the Thesis/Research Report/dissertation

* An electronic copy in PDF format (name clearly labeled)

* Supervisor’s clearance form, attached

* Submission form, see attached.

* Sign all copies of the form

Please note that you have to register every year until your graduation.
We wish you success with your research.
Regards

Ms Rosen Mhlongo

Postgraduate Faculty Officer Research
Postgraduate Office

Faculty of Health Sciences

University of the Witwatersrand

7 York Road, Parktown,

Johannesburg, South Africa

2193

Tel: 27 11 717 2125

Fax: £27 11717 2119

Email: matshidiso. mhlongo@wits.ac.za

l ) UNIVERSITY OF THE WITWATERSRAND
VISION 2022 " IOMANNESBURG \6/

R —"—

This communication is intended for the addressee only. It is confidential. If you have received this communication in
error, please notify us immediately and destroy the original message. You may not copy or disseminate this
communication without the permission of the University. Only authorized signatories are competent to enter into
agreements on behalf of the University and recipients are thus advised that the content of this message may not be
legally binding on the University and may contain the personal views and opinions of the author, which are not
necessarily the views and opinions of The University of the Wi h burg. All agr between
the University and outsiders are subject to South African Law unless the University agrees in writing to the contrary.
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Appendix 4: Title Change

Sb FACULTY OF UNIVERSITY OF THE é
q HEALTH SCIENCES WITWATERSRAND, &7

JOHANNESBURG

16 August 2017
Person No. 8901284X
TAA

Dr PMV Motshabi

P O Box 524

Melrose Arch

Johannesburg

2076

Dear Dr Motshabi

Doctor of Philosophy: Change of title of research

I am pleased to inform you that the following change in title of your Thesis for the degree of
Doctor of Philosophy has been approved:

From: Dexmedetomidine during coronary artery bypass graft surgery: Effects on
myocardial ischaemic and inflammatory markers, mortality and length of
intensive care unit and hospital stay

To: Impact of dexmedetomidine on postoperative biomarkers, length of
hospitalization and mortality in patients undergoing coronary artery bypass

graft surgery

Yours sincerely

Miss Thando Mbolekwa
On behalf of Mrs Sandra Benn
Faculty Registrar
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R14/49 Dr Palesa Motshabi
HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M170985

NAME: Dr Palesa Motshabi
(Principal Investigator)
DEPARTMENT: Anaesthesia

Charlotte Maxeke Johannesburg Academic Hospital

PROJECT TITLE: Impact of Dexmedetomidine on Postoperative Biomakers,
Length of Hospitalization and Mortality in Patients
undergoing Coronary Artery Bypass Graft Surgery

DATE CONSIDERED: 25/11{2011 (Initial Application)
DECISION: Approved unconditionally

CONDITIONS: Renewal for 5 Years Valid for the Period
01 October 2017 - 31 October 2022 (Previously M111179)
Final Approval 11/09/2013 (delayed due to MCC Approval)

SUPERVISOR: Prof M Nethononda

APPROVED BY: Qkéwﬁau.

Professor P. Cleaton-Jones, Chairperson, HREC (Medical)
DATE OF APPROVAL:  20/10/2017

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned lo the Research Office Secretary on the 3rd floor,
Phillip Tobias Building, Parktown, University of the Witwatersrand. /We fully understand the conditions under
which | amiwe are authorised to carry out the above-mentioned research and liwe undertake to ensure
compliance with these conditions. Should any departure be contemplated, from the research protocol as
approved, lwe underiake lo resubmit lo the Commitlee. | agree to submit a yearly progress report The
date for annual re-certification ill be one year after the date of convened meeting where the study was initially
reviewed. jnThis case, the study was initially review September and will therefore be due in the month of
Septembgt eachyear. Unreported changes to the application may invalidate the clearance given by the HREC
(Medical). | 'S / ’
9 N /10 / 7

i o S
Principal Investigator Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES
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Appendix 5: Information leaflet and informed consent

APPENDIX 5 : INFORMATION LEAFLET AND INFORMED CONSENT
Each PARTICIPANT must receive, read and understand this document

before any study-related procedure

STUDY NUMBER :

STUDY TITLE : Dexmedetomidine during Coronary Artery Bypass Graft Surgery: Effects on
myocardial ischaemic and inflammatory markers, mortality and length of intensive care unit and

hospital stay.

SPONSOR :

INVESTIGATOR : Dr Palesa Motshabi

INSTITUTION : University of the Witwatersrand

DAYTIME AND AFTERHOURS TELEPHONE NUMBER : 0834321994

To the potential Participant: This consent form may contain words that you do not
understand. Please ask the study doctor or the study staff to explain any words or
information that you do not clearly understand. You may take home an unsigned copy of this

consent form to think about or discuss with family or friends before making your decision.

A. Protocol ........ English Informed Consent Participant Initials:
B. Version 1....... (Dated 05/08/2012)

C. Investigator’s name : Dr Palesa Motshabi

D. Approved by Wits HREC

E. Date approved: .../........ Jovernn Participant Number:

REF: SOP
Version:

196



APPENDIX 5 : INFORMATION LEAFLET AND INFORMED CONSENT
Each PARTICIPANT must receive, read and understand this document

before any study-related procedure
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To the potential Participant: This consent form may contain words that you do not
understand. Please ask the study doctor or the study staff to explain any words or
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C. Investigator’s name : Dr Palesa Motshabi

D. Approved by Wits HREC
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1.

INTRODUCTION:

Good day, my name is PALESA MOTSHABI, I am a doctor at Chris Hani Baragwanath Academic Hospital

and the Charlotte Maxeke Academic Hospital. I would like to invite you to consider participating in a

research study, entitled: Dexmedetomidine during Coronary Artery Bypass Graft Surgery: Effects on

myocardial isch ic and infl

y markers, mortality and length of intensive care unit and

hospital stay

—

A

B

E.

. Before agreeing to participate, it is important that you read and understand the following explanation of

the purpose of the study, the study procedures, benefits, risks, discomforts, and precautions as well as the
alternative procedures that are available to you, and your right to withdraw from the study at any time.
This information leaflet is to help you to decide if you would like to participate. You need to understand

what is involved before you agree to take part in this study.

. If you have any questions, do not hesitate to ask me.
. You should not agree to take part unless you are satisfied about all the procedures involved.

. You may not participate in another investigational medicine research study, nor take any other

investigational medicine during your participation in this study.

. You should not have participated in an investigational medicine research study within the past 60 days.

. Please be open with me regarding your health history, since you may otherwise harm yourself by

participating in this study.
Protocol ........ English Informed Consent Participant Initials:

. Version 1........ (Dated 05/08/2012)
C.
D.

Investigator’s name : Dr Palesa Motshabi
Approved by Wits HREC
Date approved: .../........ oeeunn. Participant Number:

REF: SOP
Version:
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7. If you decide to take part in this study, you will be asked to sign this document to confirm that you
understand the study. You will be given a copy to keep.
8. If you have a personal doctor, please discuss with or inform him/her of your possible participation in this

study. If you wish, I can also notify your personal doctor in this regard.

2. PURPOSE OF THE STUDY:

You have been diagnosed as suffering from Coronary Artery Disease and I would like you to consider

taking part in the r h of a new medicine, called Dexmedetomidine.

The purpose of this study is to determine whether the new drug, Dexmedetomidine, will improve your
heart’s function after surgery by protecting your heart during surgery.

* This study will compare Dexmedetomidine (Precedex) with Placebo.

3. PLACEBO

A placebo is an inactive substance and it does not contain any medicine.

You will be randomly allocated to one or other treatment (i.e. like spinning a coin). Neither you nor I
will know which treatment you are receiving during your participation in the study. This procedure helps
to ensure that the information gathered during the study is accurate. In case of an emergency, it will

however be possible to determine which treatment you have been receiving.

... English Informed Consent Participant Initials:
(Dated 05/08/2012)

C. Investigator’s name : Dr Palesa Motshabi

D. Approved by Wits HREC

E. Date approved: .../........ VS Participant Number:

REF: SOP
Version:
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4. LENGTH OF THE STUDY AND NUMBER OF PARTICIPANTS:

*  The study will be performed in South Africa only.
Approximately 90 participants will participate in this study in South Africa.
* In South Africa 90 participants will be enrolled at Charlotte Maxeke Johannesburg Academic Hospital.

The participants will be between the ages of 18 and 75 years.

The total amount of time required for your participation in this study will be a maximum of one years

* You will be asked to visit me two times during the study.

5. PROCEDURES:

* If you agree to take part in this study, you will first be asked questions and examined to see if you qualify
for this study.

Before receiving your first dose of study medication, you will be prepared for surgery in the standard
way that our patients are prepared. You will be asked questions about your other medical conditions and
the medication you are taking. You will be examined and have routine blood tests performed.

Once you arrive in the operating room, the following will be done:

Before the medication is commenced, your blood samples, blood pressure and heart rate will be
recorded. Once you have been put to sleep, more measurements of your blood pressure, heart rate will be
recorded. Blood samples will again be taken from you 2 hours, 18 hours and 24 hours after

commencement of your operation (3 times). The total amount of blood taken from you will be 20

A. Protocol English Informed Consent Participant Initials:
B. Version 1....... (Dated 05/08/2012)

C. Investigator’s name : Dr Palesa Motshabi

D. Approved by Wits HREC

E. Date approved: .../........ Joeenn Participant Number:

REF: SOP
Version:
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millilitres (+- 4 teaspoons i.e maximum of 5 tubes). Additionally, the amount of medication supporting
your heart (Inotropes) will be measured. The blood samples are taken to measure the levels of your heart
enzymes. The blood pressure and heart rate recordings will be used to monitor the effects of the drug on

your heart function.

6. WILLANY OF THESE STUDY PROCEDURES RESULT IN DISCOMFORT OR

INCONVENIENCE?

The drawing of your blood is normally done as part of routine medical care and presents no additional
risk of discomfort as it is drawn from the drip which would be inserted as part of the normal anaesthetic
you would otherwise have even if you were not taking part in the study. The total amount of blood taken
from you will be 20 millilitres (+- 4 teaspoons i.e maximum of 5 tubes) over the course of the entire

study.

7. RISKS OF THE STUDY MEDICINE:
In previous studies involving the same medication, some participants have reported experiencing side

effects, which included:

Major drug interactions

A. Protocol ........ English Informed Consent Participant Initials:
B. Version 1....... (Dated 05/08/2012)
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= Dexmedetomidine administered with Propoxyphene can lead to drug related death, particularly in

patients with a history of suicide tendencies, emotional disorders, alcohol and drug abuse.

= The central nervous system and respiratory effects of sodium oxybate and dexmedetomidine may

potentiate each other.

= Tinazide has alpha adrenergic activity and may potentiate the hypotensive effects of dexmedetomidine.

Minor drug interactions

= Combining dexmedetomidine with fentanyl, haloperidol, midazolam, promethazine, propofol, seroquel
diazepam and alcohol may lead to an increase in the central nervous system, cardiac and respiratory

depressant effects.

Other Adverse Events

= The following are treatment-emergent adverse events (incidence <1%) from phase II/III continuous
infusion ICU trials involving all Dexmetdetomidine-treated patients (N=576). Although the events

reported did occur during treatment with Dexmedetomidine, they were not necessarily caused by it.

= Body as a whole: allergic reaction, ascites, back pain, chest pain, oedema, syncope, withdrawal

syndrome.

= Cardiovascular: blood pressure fluctuation, circulatory failure, cyanosis .
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A
B. Version 1....... (Dated 05/08/2012)
C

Central and peripheral nervous system disorders: dizziness, headache, neuralgia, neuritis, neuropathy,

paresthesia, paralysis, paresis, speech disorder.

Gastrointestinal: abdominal pain, diarrhoea, eruction, mucosal ulceration.

Heart rate and rythm disorders: T wave inversion, supraventricular tachycardia, extra systoles.

Liver and Biliary System disorders: AG ratio raised, hepatic function abnormal, increased GGT,

increased SGOP, increased SGPT, jaundice.

Metabolic and Nutritional disorders: acidosis, lactic acidosis, respiratory acidosis, diabetes mellitus,
hyperglycaemia, hyperkalaemia, hypovolaemia, hypokalaemia, hypoproteinaemia, increased alkaline

phosphatise, increased BUN, increased NPN.

Musculoskeletal system disorders: muscle weakness.

Myo-, endo-, pericardial valve disorders: angina pectoris, myocardial infarction, myocardial ischaemia.

Platelet, bleeding and clotting disorders: coagulation disorders, disseminated intravascular coagulation,

haematoma, abnormal platelets, decreased prothrombin, thrombocytopenia.

Psychiatric disorders: Confusion, anxiety, delirium, depression, hallucination, illusion, nervousness.

Resistance mechanism disorders: Infection, fungal infection, sepsis.

. Protocol ........ English Informed Consent Participant Initials:

. Investigator’s name : Dr Palesa Motshabi

D. Approved by Wits HREC
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= Respiratory system: adult respiratory stress syndrome, apnoea, bronchial obstruction, bronchospasm,
coughing, dyspnoea, emphysema, haemoptysis, hemothorax, hypercapnia, hypoventilation, pneumonia,

pulmonary congestion, respiratory depression, sputum increased, stridor.

= Skin and appendage disorders: rash erythematous, increased sweating.

= Urinary system disorders: hematuria, renal failure acute, renal function abnormal, urinary retention.

= Vascular disorders: cerebral haemorrhage, peripheral ischaemia, vascular disorder, vasodilation.

= Vision disorders: diplopia, photopsia, abnormal vision.

= White cell disorders: leukocytosis.

7. UNFORSEEN RISKS:
= The study medicine is investigational and there may be other risks or side effects which are unforeseen or
unknown. You should immediately contact me if any side effects occur throughout your participation in

this study.

8. BENEFITS:
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The potential benefit from your participation in this study may be control of your heart function
Dexmedetomidine (Precedex) has been shown to protect the heart in patients undergoing other operations. It

is hoped that it may protect the heart in coronary artery bypass surgery as well.

= However, you may not benefit from this study.
= Your participation in this study will contribute to medical knowledge that may help other patients that,

like you, have coronary artery disease.

9. ALTERNATIVE TREATMENT:

= There is no direct alternative treatment used at this stage.

= If you decide not to take part in this study you will still receive the best current care, from your usual
doctor. This may or may not include the study medicine. It may also entail the anaesthetic plan that
includes a volatile anaesthetic, which will not be used for the patients participating in the study. The
volatile anaesthetic is a part of the normal regimen of cardiac anaesthesia used as an alternative to total

intravenous anaesthesia.

ARE THERE ANY WARNINGS OR RESTRICTIONS CONCERNING MY PARTICIPATION IN

THIS STUDY?

A. Protocol ........ English Informed Consent Participant Initials:
B. Version 1....... (Dated 05/08/2012)

C. Investigator’s name : Dr Palesa Motshabi

D. Approved by Wits HREC

E. Date approved: .../........ Jooeune Participant Number:

REF: SOP
Version:

205



If you are pregnant, breastfeeding or planning to become pregnant during the study period, you may not
take part in the study.

If you are a woman who can become pregnant you must use suitable contraceptive measures during the
study and for 1 Month after you stop taking the study medicine, as the safety of this medicine during
pregnancy has not been established. You must also read and sign the Supplementary Informed Consent
for Women of Childbearing Potential (14 Years and Older).

* If you are a man who can father a child, suitable contraceptive measures should be used during the study

and for 1 month after you stop taking the study medicine.

INTERACTIONS:
* It is important that you let me know of any medicines (both prescriptions and over-the-counter
medicines), alcohol or other substances that you are currently taking.

* During this study, you should not take the drugs mentioned below on your own without supervision as

they have serious interactions:

Major drug interactions

* Dexmedetomidine administered with Propoxyphene can lead to drug related death, particularly in

patients with a history of suicide tendencies, emotional disorders, alcohol and drug abuse.
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.

.

The central nervous system and respiratory effects of sodium oxybate and dexmedetomidine may

potentiate each other.

Tinazide has alpha adrenergic activity and may potentiate the hypotensive effects of dexmedetomidine.

Minor drug interactions

Combining dexmedetomidine with fentanyl, haloperidol, midazolam, promethazine, propofol, seroquel,
diazepam and alcohol may lead to an increase in the central nervous system, cardiac and respiratory

depressant effects.

If you have to, please inform me jmmediately.

10. RIGHTS AS A PARTICIPANT IN THIS STUDY (VOLUNTARY)

Your participation in this study is entirely voluntary and you can decline to participate, or stop at any
time, without stating any reason. Your withdrawal will not affect your access to other medical care.
Discontinuation of study treatment:

You must inform me if you wish to stop taking your study medicine.

I will supervise any discontinuation with your health as first priority.

11. NEW FINDINGS:
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* I will provide you with any additional information that becomes available during the study, which

may affect your willingness to continue on the study.

12. WITHDRAWAL:
Your withdrawal will not affect your access to other medical care.
= I retain the right to withdraw you from the study if it is considered to be in your best interest. If your
participation is ended early, you may be asked to retum for study-ending tests and procedures for
your safety
= If you did not give an accurate history or did not follow the guidelines of the study and the

regulations of the study facility, you may be withdrawn from the study at any time.

= Pregnancy: Because the safety during pr y of the medicine used in this study has not been

established, you will be immediately withdrawn from the study, if you become pregnant during your
participation in the study. All aspects of healthcare related to your pregnancy and infant will be your
responsibility. We will require access to your medical records and those of your child, from the time

you became pregnant and for a minimum of 6 weeks after the baby is bomn.

13. EMERGENCY CARE AND HOSPITALISATION:
* If you seek emergency care or if hospitalisation is required at any time during the study up to 12 month/s
after taking the last dose of study medicine, please tell the treating doctor that you have enrolled in this

research study and that I must be informed.
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14. FINANCIAL ARRANGEMENTS:

* THE STUDY DOCTOR will provide payment for all study procedures and reasonable medical expenses that
you may incur as a direct result of this study as determined by her.

* Neither you nor your medical scheme will be expected to pay for any study medication, study related
visit or study procedures.

* THE COSTS OF ALL STUDY-RELATED PROCEDURES WOULD BE PAID BY THE STUDY DOCTOR.

15. REIMBURSEMENT FOR STUDY PARTICIPATION:

*  You will not be paid to participate in this study but your transport and, when necessary, refreshment

costs will be reimbursed adequately, according to MCC requirements.

16. INSURANCE:

THE STUDY DOCTOR has obtained insurance for you and herself in the event of study related injury or illness.
A study-related injury or illness is one that occurs as a direct result of the administration of the study

medicine or of study-specific procedures.
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17. ABPI STATEMENT ON COMPENSATION:

The insurance will provide compensation for reasonable medical expenses incurred as a result of study-
related injury or illness, determined according to the guidelines laid down by the Association of the British

Pharmaceutical Industry (ABPI Guidelines), and Guidelines for Good Practice in the Conduct of

Clinical Trials in Human Participants in South Africa.

*  You must notify me immediately of any complications, side effects and/or injuries during the study and
the nature of the expenses to be covered.

.

If a research related injury occurs, you have not waived any of the legal rights which you otherwise

would have as a participant in this study by signing this form.

Further detailed information on the payment of medical treatment and compensation due to injury can be
obtained from me. I have a copy of the ABPI Guidelines and the Insurance Certificate, should you wish to

review them.

The insurance does not cover and will not pay for:

* Medical treatment of other injuries or illnesses

Injury caused by non-observance of the protocol
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I am indemnified by the INSURANCE conditional upon:

My compliance with the applicable requirements of the study protocol

* My compliance with the regulations of the Medicines Control Council and the University of the
Witwatersrand, Human Research Ethics Committee (HREC).

* The handling and administration of the study medication in accordance with instructions and guidelines

provided in the protocol, subsequent amendments and related documents

* The indemnification is not intended to be and is not a substitute for my personal malpractice insurance.

Please note that if you have a life insurance policy you should enquire whether your insurance company
requires notification of your intention to participate in a clinical study. Information to date is that it should
not affect any life insurance policy taken out. Nevertheless, you are strongly advised to clarify it with the

company concerned.

18. ETHICAL APPROVAL:

* This clinical study protocol has been submitted to the University of the Witwatersrand, Human

Research Ethics Committee (HREC) and written approval has been granted by that committee.
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* The study has been structured in accordance with the Declaration of Helsinki (last updated: October
2008), which deals with the recommendations guiding doctors in biomedical research involving human
participants. A copy may be obtained from me should you wish to review it.

* This study is sponsored by the university administered research funds.

I do not have any financial or personal interests with this organisation that may bias my actions.

19. SOURCE OF ADDITIONAL INFORMATION:

For the duration of the study, you will be under the care of Dr Motshabi. If at any time between your visits,
you feel that any of your symptoms are causing you any problems, or you have any questions during the
study, please do not hesitate to contact me.

Other doctors from this department who are assisting with recruitment of patients are:

* DR PALESA MOGANE CELL: 0731731440

* DR ELLEN KEMP CELL : 0835459034

* DR KGOPOTSO MONONYANE CELL: 0837742408

* DR THENJIWE HLONGWANE CELL : 0846843654

The 24-hour telephone number through which you can reach me or another authorised person, is

0834321994
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this research study, you may contact Prof. Cleaton-Jones, Chairperson of the University of the
Witwatersrand, Human Research Ethics Committee (HREC), which is an independent committee
established to help protect the rights of research participants at (011) 717 2301.

* For research information you can contact Dr Motshabi at 0834321994

20. MEDICINES CONTROL COUNCIL SOUTH AFRICA - MCC

If you have questions about this trial you should first discuss them with your doctor or the ethics
committee (contact details as provided on this form). After you have consulted your doctor or the ethics

committee and if they have not provided you with answers to your satisfaction, you should write to the

If you want any information regarding your rights as a research participant, or complaints regarding

Medicines Control Council (MCC) South Africa at:

The Registrar

Medicines Control Council SA

Department of Health

Private Bag X828

PRETORIA
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Fax: (012) 395 9201

E-mail: helam(@health.gov.za and mogobm(@health.gov.za

21. CONFIDENTIALITY:

* All information obtained during the course of this study, including hospital records, personal data and
research data will be kept strictly confidential. Data that may be reported in scientific journals will not
include any information that identifies you as a participant in this study.

* Authorised person in the form of a safety monitoring team may inspect records during the course of the
study.

* This information will be reviewed by authorised representatives of the research team and monitoring
team.

* The information might also be inspected by the University of the Witwatersrand, Human Research Ethics
Committee (HREC), the South African Medicines Control Council (MCC) and/or the United States Food
and Medicine Administration (FDA), as well as your personal doctor. Therefore, you hereby authorise

. Protocol ........ English Informed Consent Participant Initials:

A

B. Version 1....... (Dated 05/08/2012)

C. Investigator’s name : Dr Palesa Motshabi
D

. Approved by Wits HREC
E. Date approved: .../........ Joveunn Participant Number:
REF: SOP
Version:

214



me to release your medical records to the South African Medicines Control Council and the University of
the Witwatersrand, Human Research Ethics Committee (HREC).

* These records will be utilised by them only in connection with carrying out their obligations relating to
this clinical study.

* Any information uncovered regarding your test results or state of health as a result of your participation
in this study will be held in strict confidence. You will be informed of any finding of importance to your
health or continued participation in this study but this information will not be disclosed to any third party
in addition to the ones mentioned above without your written permission. The only exception to this rule
will be cases of communicable diseases where a legal duty of notification of the Department of Health

exists. In this case, you will be informed of my intent to disclose such information to the authorised state

agency.

22. PERSONAL DOCTOR / SPECIALIST NOTIFICATION OPTION:

Please indicate below, whether you want me to notify your personal doctor or your specialist of your
participation in this study:

* YES, I want you to inform my personal doctor / specialist of my participation in this study.

* NO, I do not want you to inform my personal doctor / specialist of my participation in this study.

* Ido not have a personal doctor / specialist
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23. PARTICIPANT QUESTIONS ?:

Did the participant raise any questions?

YES/NO

If YES — What where they:
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INFORMED CONSENT:

M T hereby confirm that I have been informed by the study doctor, Dr Palesa Motshabi, about the
nature, conduct, benefits and risks of clinical study: DEXMEDETOMIDINE DURING CORONARY
ARTERY BYPASS GRAFT SURGERY: EFFECTS ON MYOCARDIAL ISCHAEMIC AND
INFLAMMATORY MARKERS, MORTALITY AND LENGTH OF INTENSIVE CARE UNIT AND
HOSPITAL STAY

M 1 have also received, read and understood the above written information (Participant Information
Leaflet and Informed Consent) regarding the clinical study.

Ml I am aware that the results of the study, including personal details regarding my sex, age, date of
birth, initials and diagnosis will be anonymously processed into a study report.

M In view of the requirements of research, I agree that the data collected during this study can be
processed in a computerised system by Dr Motshabi or on her behalf.

M I may, at any stage, without prejudice, withdraw my consent and participation in the study.

M1 have had sufficient opportunity to ask questions and (of my own free will) declare myself

prepared to participate in the study.
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Printed Name Signature / Mark or Thumbprint Date and Time

I Dr. , herewith confirm that the above participant has been fully

informed about the nature, conduct and risks of the above study.

STUDY DOCTOR:

Printed Name Signature Date and Time

TRANSLATOR / OTHER PERSON EXPLAINING INFORMED

CONSENT.......cccoeeeeriririinccsereeneenene.(DESIGNATION):

Printed Name Signature Date and Time

WITNESS (If applicable):

Printed Name Signature Date and Time
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VERBAL PARTICIPANT INFORMED CONSENT:

(Applicable when participants cannot read or write or are incapable of giving consent)

* 1, the undersigned, Dr. have read and have explained fully
to the participant, named .........c.cccocceeeceeeevvvnneeeininnnnnnnnn...... and/or his/her relative/
friend/legal representative, ...........cceoceieiiiiiiiiie e eaaas , the
participant information leaflet.

* The account I have given has explained both the possible risks and benefits of the study as
well as the altemative treatments available for his/her illness. The participant and/or his/
her relative/friend/legal representative understands these.

* The participant and/or his/her relative/friend/legal representative indicated that he/she
understands that the participant will be free to withdraw from the study at any time for
any reason and without jeopardising his/her subsequent treatment.

* I have also informed the participant and/or his/her relative/friend/legal representative of
the existence of relevant compensation arrangements in case of an injury attributable to

the medicine(s) used in the clinical study, to which he/she agrees.
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I hereby certify that, the participant and/or his/her relative/friend/legal representative,

acting on his/her behalf, has agreed to participate in this study.

PARTICIPANT:

Printed Name Mark or Thumbprint (if applicable) Date and Time
STUDY DOCTOR:

Printed Name Signature Date and Time

TRANSLATOR / OTHER PERSON EXPLAINING INFORMED CONSENT:

.................... (DESIGNATION)
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HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
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CLEARANCE CERTIFICATE MI111179
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Bypass Graft Surgery: Effects on Ischaemic
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Appendix 6: Trial Insurance

STALKER
HUTCHISON
ADMIRAL

“NO-FAULT” COMPENSATION FOR CLINICAL TRIALS

_NO-rAULT LOMPEENSAITINTYD el =

INSURANCE CERTIFICATE

POLICY NUMBER: P00369

BROKER: Highgrove Financial Services (Pty) Ltd
(VAT no. 4210171783)

INSURED: Dr P. Motshabi

TRIAL: Dexmedetomidine during coronary artery bypass
graft surgery: Effects on myocardial ischaemic and
inflammatory markers, mortality and length of
intensive care unit and hospital stay.

TYPE OF TESTING: Phase 1,2 and 3

NUMBER OF RESEARCH SUBJECTS:

PERIOD OF INSURANCE:
RETROACTIVE DATE:

LIMIT OF INDEMNITY
(EXCLUDING VAT):

DEDUCTIBLE
(EXCLUDING VAT):

PREMIUM
(INCLUDING VAT):
POLICY WORDING:

EXTENSION:

ADDITIONAL CONDITIONS:

90
12 Months from Inception of the Trial

Inception

R 10,000,000 in the annual aggregate

R 25,000 each and every claim

R 45,000.00

“No-Fault” Compensation for Clinical Trials
as per the Master Policy

Extended Reporting Period — Additional Period of 36
Months

Exclusion No 7.22 is amended to read as follows:
“arising out of the use of Research Subjects who
may be considered to be children and for whom
consent has not been provided pursuant to the
applicable provisions of the Children’s Act No. 28 of
2005 (as amended from time to time) or any
succeeding legislation.”

SHA is a wholly awned subsidiary of Santam Linited. Santam is o level 3 BBBEE company, and has been awarded o triple A claims paying ability

rating by GCR.

The Pusilion, The Wanderers Office Park, 52 Corlett Drive, lilovo, 2196. PO Box 55347, Novthlands, 2116, Johannesburg, South Africa.
Tel: +27 11 731 3600 Fax: +27 1) 447 0080 (Exec) +27 11 447 0081/2(UW) +27 11 447 0083 (Claims) +27 11 447 0084 (Accts)
Statker Hutchison Admiral (Pty) Limited Reg. No. 1985/000368/07  Vat No. 4310103082

Authorised Financial Services Provider (licence number 2167)

Directors: 1 M Kirk (Chairman), B B Palmer (CEO), I J Home, Q M Maithew, ] Melville, M ] Reyneke

e
BAUMA W
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Appendix 7: Consort Checklist

Section/Topic

Title and abstract

Introduction
Background and

objectives

Methods
Trial design

Participants

Interventions

Outcomes

Sample size

Randomisation:
Sequence

generation

Allocation
concealment

mechanism

Implementation

Item

No

la

1b

2b

3a

3b

4a
4b

6a

6b

7a

7b

8a
8b

10

Checklist item

Identification as a randomised trial in the title
Structured summary of trial design, methods, results, and

conclusions (for specific guidance see CONSORT for abstracts)

Scientific background and explanation of rationale

Specific objectives or hypotheses

Description of trial design (such as parallel, factorial) including
allocation ratio

Important changes to methods after trial commencement (such
as eligibility criteria), with reasons

Eligibility criteria for participants

Settings and locations where the data were collected

The interventions for each group with sufficient details to allow
replication, including how and when they were actually
administered

Completely defined pre— specified primary and secondary
outcome measures, including how and when they were assessed
Any changes to trial outcomes after the trial commenced, with
reasons

How sample size was determined

When applicable, explanation of any interim analyses and

stopping guidelines

Method used to generate the random allocation sequence

Type of randomisation; details of any restriction (such as
blocking and block size)

Mechanism used to implement the random allocation sequence
(such as sequentially numbered containers), describing any
steps taken to conceal the sequence until interventions were
assigned

Who generated the random allocation sequence, who enrolled

participants, and who assigned participants to interventions

Reported
on page

No

VI
VI/9

50

51

51

51-56

57

60

80

50
50

50

50
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Blinding

Statistical

methods

Results
Participant flow
(a diagram is
strongly
recommended)
Recruitment

Baseline data

Numbers

analysed

Outcomes and

estimation

Ancillary

analyses

Harms

Discussion

Limitations

Generalisability

Interpretation

Other information

Registration

11a

11b
12a

12b

13a

13b

14a

14b

15

16

17a

17b

18

19

20

21

22

23

If done, who was blinded after assignment to interventions (for
example, participants, care providers, those assessing
outcomes) and how

If relevant, description of the similarity of interventions
Statistical methods used to compare groups for primary and
secondary outcomes

Methods for additional analyses, such as subgroup analyses and

adjusted analyses

For each group, the numbers of participants who were
randomly assigned, received intended treatment, and were
analysed for the primary outcome

For each group, losses and exclusions after randomisation,
together with reasons

Dates defining the periods of recruitment and follow— up
Why the trial ended or was stopped

A table showing baseline demographic and clinical
characteristics for each group

For each group, number of participants (denominator) included
in each analysis and whether the analysis was by original
assigned groups

For each primary and secondary outcome, results for each
group, and the estimated effect size and its precision (such as
95% confidence interval)

For binary outcomes, presentation of both absolute and relative
effect sizes is recommended

Results of any other analyses performed, including subgroup
analyses and adjusted analyses, distinguishing pre— specified
from exploratory

All- important harms or unintended effects in each group (for

specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias,
imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial
findings

Interpretation consistent with results, balancing benefits and

harms, and considering other relevant evidence

Registration number and name of trial registry

50

53

56

56, 87,

93, 106,

122

60

60

62

62

62,63,64

82,89,102
,118,123

81,88,101
,117,125
125

125
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Protocol 24 Where the full trial protocol can be accessed, if available
Funding 25 Sources of funding and other support (such as supply of drugs),  VIII

role of funders

Consort 2010 (304). This table is copied in terms of Section 12 (Fair Dealing) of the SA Copyright Act
No. 98 of 1978 (as amended).
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Appendix 8: PRISMA Checklist

Section/topic #

Checklist item

TITLE Does dexmedetomidine reduce mortality in cardiac surgery? A systematic review and

meta-analysis of randomised controlled trials

Title 1
ABSTRACT
Structured 2
summary
INTRODUCTION
Rationale 3
Objectives 4
METHODS
Protocol and 5
registration
Eligibility 6
criteria

Information 7
sources

Search 8

Study selection 9

Data collection 10

process

Data items 11

Risk of bias in 12

individual

studies

Identify the report as a systematic review, meta-analysis, or both.

Provide a structured summary including, as applicable: background;
objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review

registration number.

Describe the rationale for the review in the context of what is already
known.

Provide an explicit statement of questions being addressed with reference
to participants, interventions, comparisons, outcomes, and study design

(PICOS).

Indicate if a review protocol exists, if and where it can be accessed (e.g.,
Web address), and, if available, provide registration information including
registration number.

Specify study characteristics (e.g., PICOS, length of follow-up) and report
characteristics (e.g., years considered, language, publication status) used
as criteria for eligibility, giving rationale.

Describe all information sources (e.g., databases with dates of coverage,
contact with study authors to identify additional studies) in the search and
date last searched.

Present full electronic search strategy for at least one database, including
any limits used, such that it could be repeated.

State the process for selecting studies (i.e., screening, eligibility, included
in systematic review, and, if applicable, included in the meta-analysis).
Describe method of data extraction from reports (e.g., piloted forms,
independently, in duplicate) and any processes for obtaining and
confirming data from investigators.

List and define all variables for which data were sought (e.g., PICOS,
funding sources) and any assumptions and simplifications made.

Describe methods used for assessing risk of bias of individual studies
(including specification of whether this was done at the study or outcome

level), and how this information is to be used in any data synthesis.

Reported
on page #
128

128

130

131/132

131

131

131

133

133

133

134

139
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Summary 13 State the principal summary measures (e.g. risk ratio, difference in 136

measures means).
Synthesis of 14 Describe the methods of handling data and combining results of studies, if 136
results done, including measures of consistency (e.g. 12) for each meta-analysis.
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Appendix 9: Turnitin Report

00658018:Palesa_Motshabi_Thesis_Correction_LK_turnitin.p...

ORIGINALITY REPORT

10. 9. 6e,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS

29%

STUDENT PAPERS

PRIMARY SOURCES

Submitted to Endeavour College of Natural 1 %
(o]

Health

Student Paper

Wwww.sajaa.co.za

Internet Source < o/o
Submitted to University of Liverpool <1,
Student Paper Yo
wiredspace.wits.ac.za < 1.
Internet Source /0
discovery.ucl.ac.uk 4
Internet Source < 0/0
B heart.omj.com < 1.
Internet Source /0
circ.ahajournals.org 1
Internet Source < 0/0
pure.uva.nl 1
Internet Source < 0/0

Submitted to University of Witwatersrand

228



Student Paper

<1 %

ccforum.biomedcentral.com

Internet Source <1 %
www.esahq.org

Internet Source <1 %
www.science.gov

Internet Source <1 %
clinchem.aaccjnls.org

Internet Source <1 %
icaa.ir

Internet Source <1 %

Bronze-da-Rocha, Elsa. "MicroRNAs <1 o
expression profiles in cardiovascular diseases. ?
(Report)", BioMed Research International,
Annual 2014 Issue
Publication
dspace.nwu.ac.za

Internet Source <1 %

www.wits.ac.za <1 .
Internet Source /0
bmcpublichealth.biomedcentral.com

Internet Source <1 %

-
O

Submitted to University of Wales Institute,
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Cardiff

Student Paper < 1 %
journals.plos.org

Internet Source <1 %
Submitted to Coventry University
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